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AN ALUMINA-LITHIA-IRON OXIDE PHOSPHOR! 


SHANNON JONES 
Chemical Products Works, General Electric Company, Cleveland, Ohio 


ABSTRACT 


A phosphor containing alumina, lithia, and iron oxide is described. It 
is efficiently excited by 2537 A radiation, emitting a band spectrum with 
its energy peak at 6800 A and half its peak energy intensity at 6520 and 
7320 A. 

Silica enhances the fluorescence, with a broad composition optimum at 
about the ratio 1 mol alumina, 0.3 mol lithia, 0.15 mol silica, 0.002 mol 
ferric oxide. Firing temperatures and times are not critical, 1250°C. for 
2 hours is suitable. The firing is done in open containers. 

Much of the lithia may be leached from the phosphor, as by acids, 
without reducing the fluorescence. The leached phosphor may be re- 
heated to at least 900°C. without impairing the fluorescence, but refiring 
in the 1250°C. region reduces the fluorescence to that which would be 
obtained by an initial firing of a batch having the composition of the leached 
phosphor. 7 


INTRODUCTION 


Chromium-activated alumina phosphors, both natural and synthetic, 
have long been known. Kréger has discussed at length various alumiina- 
based phosphors (1). Froelich has described a manganese activated stron- 
tium aluminate (2). 

However, the alumina-based phosphor described in this paper is unusual 
in that iron, so commonly a poison to phosphors, is an essential component. 

Lithia is also essential for development of the phosphor, while silica 
enhances the fluorescence. 


PREPARATION 


In the preparation of this phosphor, the batch materials used were 
commercial ‘“‘chemically pure’ grades of aluminum hydroxide and lithium 
carbonate, a precipitated hydrated silica containing about 9 per cent water, 
and a precipitated hydrated iron oxide prepared from C.P. grade reagents. 
According to the suppliers’ analyses, the aluminum hydroxide contained 
0.02 per cent iron, and the lithium carbonate contained 0.004 per cent 
iron. The silica was of a purity suitable for the manufacture of silicate 
phosphors and it was assumed that very little iron was introduced from it. 
The batches were mixed by pebble milling and fired at 1250°C. for two hours 
in open crucibles. 

Preliminary developments indicated an optimum batch composition for 
this phosphor in about the ratio: 

Al (OH); 100 g. 
Li, CO; 15 
SiO, + 9% H,O 6 
Fe,0; H,O 0.3 


1 wren received February 24, 1949. This paper prepared for delivery before 


the Philadelphia Meeting, May 4 to 7, 1949. 
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Deviations from this composition were then made, keeping the aluminum 
hydroxide constant and varying singly each of the other three components. 
The lithia, silica, and iron oxide, respectively, were reduced to zero, to 
one-third, and increased to three times the quantities in the base formula. 
In order to obtain the lowest iron content (0.006 times the amount in the 
base formula), it was necessary to prepare a special aluminum hydroxide. 
No attempt was made to purify the lithium carbonate and silica. Assum- 
ing that the special aluminum hydroxide was free from iron, it was com- 
puted that the lithium carbonate and silica would introduce about six 
thousandths of the iron in the base formula. An iron variation containing 
nine times the base quantity was also made. These variations, with the 
base formula as control, were fired at 1300°C. for one hour. Brightnesses 
of these variations were measured and are given in Table I. In the tabula- 


TABLE I. Influence of composition, on brightness 


% of base Relative brightness 

Lithia variation 0 0 
33 46 

100 100 

300 16 

Silica variation 0 85 
33 85 

100 100 

300 78 

Tron oxide variation 0.6 20 
12 73 

42 93 

100 100 

280 87 

800 69 


_ tion, a compensation is made for the adventitious iron introduced from the 
batch materials. Firings of the group of variations were also made at 
1100° and at 1200°C. for one hour and these groups showed a brightness vs. 
composition relation similar to the 1300°C. group although for each com- 
position the brightness was lower at the lower firing temperatures. 

It can be seen from Table I that the silica concentration is the least 
critical, the lithia concentration is the most critical, and that iron oxide and 
lithia are both essential in this phosphor. It is also apparent that the base 
formula is close to the optimum composition. 

Firing temperatures and times are not critical. Some development 
of red fluorescence appeared in a small batch fired for one-half hour at 
1050°C. For a one hour firing of 10 gram batches, 1300° was better than 
1200°C. and 1200° better than 1100°C. for all the composition variations 
of Table I. A sixteen hour firing of the base formula at 1160° was equal 
in brightness to a one hour firing at 1300°C. Thus it appears that time 
and temperature are synergistic at least between 1160° and 1300°C., and 
that the development of this phosphor depends on solid state diffusion. 

A batch of the base formula was fired in a covered crucible with a chunk 
of graphite, and this phosphor was of low brightness, indicating that strong 
reducing conditions are not desirable. 
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This phosphor may be strongly attacked by hot water or acids without 
impairing the fluorescence. For example, the phosphor was leached with 
an excess of 20 per cent aqueous HC! until 68 per cent of the lithia, 18 per 
cent of the iron, and 13 per cent of the alumina were removed. There was 
no significant change in the brightness, and this leached phosphor was 
reheated to 900°C. without appreciable change. However, on refiring the 
leached phosphor at 1250°C. for one hour, the brightness dropped to a 
value about equal to that which would have been obtained on an initial 
firing of a batch having the composition of the leached phosphor. Strong 
alkaline solutions had no noticeable effect on the phosphor. 

A number of batches using substituent elements for the lithium, silicon, 
iron, and part of the aluminum were prepared and fired at 1250°C. The 
substitutions, made on a mol for mol basis, follow: 

5. P.O;, for 4 of the Al,O3. 

ZrOz, TiO», SnOz, PbO,, for SiOz. 

3. Na,O, K,0, CaO, SnO, MgO, ZnO for Li,O. 

4. MnO, TiOs, Sb.0s;, As,O;, Bi,O3;, Pb;O,, Co,03, NiO, CuO, Ag,O, 
CrO;, for Fe,O3. 

5. 3 mols MgO for 1 mol Li,0. 

6. 0.5 mol Na,O + 0.5 mol K;0 for 1 mol Li,O. 

None of the substituents produced a good phosphor. Especially striking 
was the absence of fluorescence in all the lithia-free phosphors. With the 
iron substituents, some fluorescence was observable in most of the prepara- 
tions. This fluorescence was undoubtedly due to the adventitious iron 
in the other batch materials. 


PROPERTIES 


The phosphor is friable, free flowing, and does not contain hard sin- 
tered particles at the firing temperatures and times given. 

The fluorescence is not efficiently excited by cathode rays or by 3650 A 
radiation, but 2537 A radiation is an efficient excitant giving a quantum 
efficiency comparable to that of zinc beryllium silicate. The energy peak 
is at 6800 A; the wave lengths at which the energy is half the peak value 
are 6520 and 7320 A. No evidence of a spectral line structure was found 
and the emission curve is symmetrical with respect to frequency and has 
the general shape of the probability function. 


DISCUSSION 


While lithia is essential to the development of this phosphor on firing, 
it may be subsequently removed from the phosphor without impairing the 
efficiency of its fluorescence. This indicates that the lithia promotes the 
formation of an alumina or an alumina-iron oxide structure which is 
fluorescent and that lithium atoms do not play an essential part in the 
fluorescence. 

The role of iron in this phosphor is not known. The iron may act as 
an absorber of short wave ultraviolet, transferring its excitation to the 
alumina lattice, or, more likely, the fluorescence is characteristic of the 
ferric iron. 

Studies of the ultra-violet absorption and of the crystal structure would 
be of interest and would provide a sounder basis for elucidating the mech- 
anism of fluorescence in this phosphor. 
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Any discussion of this paper will appear in the discussion section of Volume 95 of 
the Transactions of the Society. 
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TWO NEW “RED” PHOSPHORS! 


J. T. ANDERSON AND R. S. WELLS 
Research Laboratories, British Thomson-Houston Company, Ltd., Rugby, England 


ABSTRACT 


A short account is given of the preparation and luminescent spectral 
emissions of zinc barium sillicate:Mn and aluminum phosphate:Sn,Mn 
phosphors. Both these phosphors can give spectra with high red content 
under 2537 A radiation. 


GENERAL 


This note gives an account of two phosphors which are new to the lamp 
industry and capable of emitting red fluorescent light when excited by 
ultraviolet radiation of 2537 A wave length. They may, therefore, be 
used in the standard fluorescent lamps of today. One of these, the\zine 
barium silicate, is a true “red”? phosphor, similar to cadmium borate\in 
that no appreciable variations in its emission spectrum can be obtained} 
the other resembles the alkaline earth halophosphates in being ‘‘double ~ 
activated,” the fluorescent color being modifiable by variation in the 
amount of the second activator. 


ZINC BARIUM SILICATE PHOSPHOR 


When trying to substitute other metals for beryllium in zine beryllium 
silicate phosphor it was noticed that barium was having a slight, but 
definite, modifying effect on the phosphor’s emission spectrum. 

Experimentation eventually showed that introduction of barium along 
with the components of zinc silicate: Mn phosphor could produce a com- 
pound giving a deep red fluorescence. However, unlike zinc beryllium 
silicate in which BeO can be varied continuously over a wide range pro- 
ducing a proportionate color change in fluorescence, there is only one zinc 
barium silicate:Mn that is effective as a phosphor. In this, the ratio is 1 
mol BaO to 2 mols ZnO. If more or less ZnO is used, two phases always 
seem to develop. With excess ZnO, the red fluorescent material is accom- 
panied by ordinary green fluorescent zine silicate:Mn. With excess BaO, 
the red fluorescent compound is accompanied by a non-fluorescent barium 
silicate which is usually discolored by manganese. In either case, more 
than a slight excess leads easily to almost complete obliteration of the 
red fluorescence, and in the case of excess barium, the compound is more 
readily fused. Ordinary AR quality ZnO and BaCO; chemicals only have, 
so far, been used in this work. 

The amount of silica that may be used in the production of the phosphor 
is not critical. With the type of silica actually used, which was a highly 
reactive one, the material can be represented as BaO-2ZnO-xSiO, where 
x may lie between 1.7 and 7, and is preferably about 2. 

We have found it best to fire at as high a temperature as possible, con- 


1 Manuscript received February 23,1949. This paper prepared for delivery before 
the Philadelphia Meeting, May 4 to 7, 1949. 
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sistent with the production of a material that is not fused or sintered too 
hard for practical use. 

For a 50 g. sample, the firing should be of the order of one hour at 1050°C. 
followed, after an intermediate grinding, by another hour at 1100°C. A 
third firing for an hour at 1100°C. is sometimes advantageous. 


O Non Fluorescent + 
Red 


Green 
Green 
Reda non-fiour @ 


ZnO 
100 

50 Mols 
Mols si 02 —— 


Fig. 1. Diagram showing the effect of variation of the ratio between BaO: ZnO: SiO, 
on zinc-barium-silicate phosphor. 
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Fic. 2. Spectral distribution curve for zinc-barium-silicate phosphor. 


A plot on the triangular diagram of Fig. 1 shows variation of fluorescent 
color with composition. It will be seen that the compositions giving red 
fluorescence lie on, or very close to, the line for BaO-2Zn0O. 

The amount of manganese activator is not critical and can be used at 
half or double the preferred amount without very appreciable effect. The 
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amount generally used was 5 per cent (of MnCl,-4H:O) calculated on the 
basis of the mixed oxides. 

We prefer to introduce the manganese as chloride in order to get the 
best results. So far, no other activators have been found satisfactory. 

Fluorescent lamps have been prepared from this phosphor. They have 
a pinkish purple appearance and, as may be expected from the emission 
curves, give very prominent color rendering of reds. An energy curve of 
the phosphor emission in an 80 watt fluorescent lamp is shown in Fig. 2. 

As might be expected from such long wave fluorescence, the lumen 
output of the lamps is low. Representative results are: 8.4 lumens/watt 
at $ hour, and 7.0 lumens/watt at 100 hours. 

Fig. 2 shows a small hump at about 3700 A, another larger one at 5200- 
5300 A, and a peak at approximately 6750 A. The first may be due to 
barium silicate or zine barium silicate activated by an unknown activator. 
The second corresponds to the emission of ordinary Zn.SiOQ,:Mn. It is 
interesting to compare the peak of the curve at 6750 A with that of Ca;- 
(PO,4)2:Ce, Mn (at 6550 A) and that of cadmium borate (at 6200 A). At 
7000 A, the relative proportions of the peak emission intensity are ap- 
proximately 85 per cent, 55 per cent, and 10 per cent, respectively. 


ALUMINUM PHOSPHATE PHOSPHOR 


Following a considerable amount of work on alkaline earth halophos- 
phate phosphors and similar compounds, a series of aluminum phosphate 
phosphors was developed which are responsive to 2537 A radiation. 

We are aware that aluminum phosphate activated by tin and manganese 
has been mentioned in a publication (British Patent 512,154), but there 
does not seem to have been published any information regarding the shape 
of the spectral emission curves, or their variations as a function of the 
manganese content. 

These phosphors are of the double activator type, the primary activator 
being tin and the secondary activator manganese. When activated with 
tin only, the phosphor shows a bluish-greenish-white fluorescence under a 
low pressure Hg quartz lamp. (The visible radiation from the exciting 
lamp was filtered out with a 3 mm. sheet of Corning No. 9863 M6138 

lass.) 

. Addition of manganese produces an increase in emission at the red end 
of the spectrum at the expense of the blue end. The emission of most of 
these phosphors falls roughly into the general classification of “white 
emitting phosphors,” although the emission of the reddest one is compara- 
tively saturated. Unlike most other well known single “white” phosphors 
such as the alkaline earth halophosphates, or two powder “white” mix- 
tures, the spectral energy curves are fairly smooth and free from secondary 
peaks. Spectral energy emission curves for three phosphors with different 
amounts of manganese are shown in Fig. 3. 

Powder E 350 with the highest emission in the red (peak at 6400 A) 
contains 7 per cent MnCl,-4H,O as an addition to the mixture before 
firing. Other phosphors containing more manganese are possible and 
give more emission at the red end of the spectrum. The other curves 
shown (powders E 349 and E 348) were obtained from powders containing 
progressively less manganese (3.5% and 1.4% MnCl,-4H,0, respectively). 
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The only satisfactory method of preparation that we have found so far 
is to heat together a dry mixture of aluminum oxide or hydroxide, diam- 
monium hydrogen phosphate, stannous chloride, and, when required, 
manganese chloride. 

The amount of tin required is not critical and can be varied by a factor 
of 2 each way from the amount usually used. This was 3.5 per cent 
SnCl,-2H.O calculated on the mixture of the two major constituents 
before firing. 

Most of the work was carried out with mixtures of diammonium phos- 
phate and aluminum hydroxide containing one mol of each, i.e., corre- 
sponding to the formation of AIPO,. Addition of 50 per cent excess of the 
aluminum hydroxide tends to produce very great losses in fluorescent 
brightness. A similar excess of the phosphate has little effect, much of it 
probably being lost by volatilization. 


60 


E 349 \ 
> 2 / 


4000 5000 6000 7000A 


Fig. 3. Spectral distribution curve for aluminum phosphate phosphors with vary- 
ing manganese content. 


The mixture is fired in air, in quartz containers, at temperatures ranging 
from 850° to 1250°C. In our experience, the highest temperatures give 
the best results, and probably the higher temperatures still could be used 
to advantage. 

During firing, the mass in the crucible bubbles and becomes plastic. 
On cooling, an aerated opaque semiglass is obtained. This can be powdered 
fairly readily to make it usable for lamp coatings. Attempts to obtain 
the sintered powder state, in which normal phosphors are usually prepared, 
have resulted in materials having poor fluorescent properties. It seems 
possible that the vitreous state is necessary for the full development of 
fluorescence. 

Although the phosphors can be applied to lamp tubes in the usual nitro- 
cellulose suspension, difficulty is experienced in completely baking out the 
latter and its decomposition products. This probably accounts for the 
fact that many lamps either showed early failure (around 500 hours) or 
blackened excessively. 

Luminous efficiencies of 80 watt fluorescent lamps are shown below. 
The latter were coated with the phosphors shown in Fig. 3. 
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Wr Average efficiency in lumens/watt at 

\- Lamp designation 

| 0 hr. | 100 hr. 
} 348 25-26 23-24 

2 E 349 20 18-20 

it E 350 11-11.5 8-10.5 


Limitations in time have so far precluded a more extensive study of 
these materials including an examination of their crystal structure. The 
aluminum phosphates do not respond well to excitation by cathode rays, 


le but the zine barium silicate responds well, giving a fluorescence slightly 
; redder than that given by MgSiO;:Mn. 


Any discussion of this paper will appear in the discussion section of Volume 95 of 
the Transactions of the Society. 
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THE CONSTITUTION OF ZINC BERYLLIUM SILICATE 
PHOSPHORS AND ITS EFFECT ON THEIR 
LUMINOUS PROPERTIES! 


GORTON R. FONDA 
Research Laboratory, General Electric Company, Schenectady, New York 
ABSTRACT 


The constitution of zine beryllium silicates, prepared at temperatures 
in the neighborhood of the normal firing temperature, has been investi- 
gated. The limit of solubility of beryllium in zine silicate at 1260°C. was 
found to be at about 25 molar per cent for phosphors containing 2.5 per 
cent manganese, as well as for unactivated products. This is only slightly 
below the value of 30 molar per cent found previously at the fusion tem- 
perature. No evidence could be found of a further reduction in solubility 
at temperatures below 1260°C. At 1260°C. the reaction between beryllia 
and silica alone is so slow that no appreciable amount of beryllium silicate 
could be detected until zine oxide was added in addition, denoting that 
zine silicate serves as a flux to catalyze the beryllia reaction. Firing at 
1180° was incapable of dissolving all the beryllia present, even for composi- 
tions below the saturation point. 

Maintenance of phosphors in lamps was somewhat better for a composi- 
tion slightly higher in beryllia than corresponded to the saturation point. 
The maintenance was still better for phosphors prepared at 1180°C., a 
temperature at which not all of the beryllia introduced could be dissolved. 

The initial rate of decay of phosphorescence is exponential. The rate 
becomes greater as the concentration of either beryllium or manganese is 
increased. For a phosphor of standard color, the decay rate is smaller if 
this color is attained by the use of high beryllia and low manganese rather 
than the reverse. 


INTRODUCTION 


When zine and beryllium oxides are fired with silica at sufficiently high 
temperatures, a solution of the two silicates is formed. There is, however, 
a limit to the solubility of beryllium silicate in zine silicate, and its effect 
in altering the fluorescence color of phosphors is limited to the solubility 
range (1). When the amount of beryllium introduced is in excess of this 
range, separate phases are formed. 

The previous measurements of solubility were made on phosphors pre- 
pared by fusion at about 1550°C. <A redetermination has now been made 
with the aim of finding the extent to which the solubility limit is altered 
when the phosphor mixture is fired below fusion at temperatures used in 
normal preparation. More detailed consideration has also been given to 
the nature of the products formed outside of the solubility range and to 
features of abnormal color emission. Finally, the effect of constitution 
has been investigated on lumen maintenance in fluorescent lamps and on 
phosphorescence decay. 


1 Manuscript received February 28, 1949. This paper prepared for delivery before 
the Philadelphia Meeting, May 4 to 7, 1949. 
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As material for the investigation, Dr. H. C. Froelich of the General 
Electric Company at Nela Park prepared silica mixtures with variable 
content of zine and beryllium oxides and fired them for 2 hours, one series 
at 1260°C. and a second series at 1180°C. The composition of the mixtures 
was maintained at the proportion of one mol of siliea to two mols of the 
combined metallic oxides. 
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Fig. 1. Effect of beryllium concentration on lattice spacing of zine beryllium sili- 
cate solid solutions, 


CONSTITUTION 

For a general survey of the situation, diffraction patterns were measured 
of unactivated samples which had been prepared at 1260°C. These pat- 
terns were recorded by Mr. Erie Asp of this laboratory with Cu K, radiation 
from the North American Philips Geiger counter x-ray spectrometer. 
The strongest lines of the patterns are given in Table I for seven samples 
ranging in composition from 0 to 90 molar per cent beryllia with reference 
to the combined content of zine and beryllium oxides. The relative in- 
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tensity of each line is recorded under the heading “I.” To facilitate com- 
parison of the various samples, the intensity of the strongest line in the 
pattern of the solutions is expressed as 100. In the pattern of the pure 
orthosilicate, ZneSiO,, this line corresponds to the spacing of 2.64 A. Fig. 
| shows graphically the changes in lattice spacing with composition for six 
typical lines. 


TABLE I. Diffraction patterns of products formed at 1260°C. by firing mixtures of 
zine and beryllium oxides with silica 


208 310 312 303B 313 314 315 
No BeO | 15°, BeO | 25% BeO | 30% BeO | 50% BeO | 70% BeO | 90% BeO Product responsible 


7.00 | 10 16.85 | 16 16.60] 23 |6.80| 23 |6.80| 25 |6.80 | 31 |6.80/ 61 ZBS 
| 14.10 | 25 |4.08 | 160 SiO» 
4.03 | 29 |3.99 | 32 13.88 | 33 |3.91] 341|3.95| 40 /3.90 | 44 | ZBS 
| | 3.70 14 (3.67 | 115 Unknown 
13.41 84 13.39 79 |3.40 | 97 3.40) 85 |3.40 | 100 3.38 | 200 ZBS plus unknown 
3.29 5 |3.22 5 |3.14 8 |3.19 12 3.19 | 10 |3.19 ZBS 
3.14 6 |3.10 5 3.04 5 3.09 | 9 3.09 Il {3.11 54 ZBS plus BeeSiO, 
2.84 | 88 /2.80] 91 |2.76 | 95 |2.76 | 104 |2.76 | 104 |2.76 | 89 |2.76 | 100 ZBS 
2.64 | 100 |2.59 | 100 |2.56 | 100 |2.57 | 100 |2.57 | 100 |2.56 | 100 2.57 | 100 ZBS 
12.35 | 32.35 | 12 |2.34 Be2Si0, plus BeO 
2.32 | 50 |2.28| 51 /2.25| 54 |2.26] 51 49 |2.26 ZBS 
2.21 4 |2.20 2 2.17 | 3 11 {2.19 ZBS plus Be2SiO, 
2.14 7 {2.11 8 3 | 4 2.06 ZBS plus Be2SiO, 
2.02 | 10 15 |1.95! 101.96] 9/1. 5 |1.96 ZBS 
BesSiO, 
93 12 |1.90 | 12 15 1.88 | 15 |1.88 | 13 (1.88 ZBS 
1.860 42 |1.830/ 40 1.810) 42 |1.815) 43 |1.815) 36 |1.810 ZBS 
BesSiO, plus BeO 
BeO 
1.690 8 11.670 8 (1.640 10 (1.645) 12 (1.645, 12 1.640 11 ZBS 
1.640 8 [1.620 8 1.600 8 |1.600 7 11.600; 8 (1.600) 15 1.600 23 ZBS 
1.600 13 1.580) 13 |1.560' 13 |1.560) 11 11.560] 15 '1.560! 12 ZBS 
1.555 2 1.530! 13 11.520 13 |1.518! 11 11.516) 12 |1.512) 8 ZBS 
1.520 10 |1.500! 8 |1.480/ 9 |1.482| 12 |1.485| 7 |1.480, 7 |} ZBS 
1.420) 15 BesSiO« 
1.420 6 |1.400 44 (1.390) 36 |1.389, 37 (1.389) 29 (1.385, 31 /1.390) 31 ZBS 
1.39 5 1.375, 6 11.360! 4 11.360) 5 |1.350) 4 11.350! 6 /1.349) 31 ZBS plus BeO 
1.368 18 49, 15 18 (1.331) 15 |1.332) 12 |1.330! 15 [1.335 15 ZBS 
1.34 18 20, 15 1.309, 14 |1.305) 17 \1.305! 15 |1.302 14 |1.309| 18 ZBS 
1.260 23 BeeSiOg 
1. 254 11.235 > 1.230 1.230 § 1.240| 34 ZBS plus BeO 


When beryllium silicate is dissolved in zine silicate, the lattice is unal- 
tered except for the substitution of beryllium ions for an equivalent number 
of zine ions. Inasmuch as the beryllium ion is much smaller than the 
zinc, there is a contraction of the lattice which continues uniformly up to 
the limit of solubility. The curves demonstrate that this point is reached 
at 25 molar per cent BeO. Beyond this concentration, the lattice dimen- 
sions remain constant. The conclusion from these survey tests is, there- 
fore, that 25 molar per cent represents the limit of solubility of BeSiO, 
in Zn.SiOy. The question remains, what happens to the rest of the beryllia? 
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The answer is found in the enhanced intensity of certain lines and in the 
appearance of new lines, changes that are first manifest in Table I for 
phosphor 303B, containing 30 molar per cent BeO. As the amount of 
BeO is increased beyond this point, the relative intensity of these lines 
becomes continuously greater, reaching a maximum at 90 molar per cent. 
As recorded in the last column of the table, these lines denote the presence 
of Be SiO;, free BeO, and free SiO. in the form of a-cristobalite. The 
symbol ZBS in this column is an abbreviation for zinc beryllium silicate. 

It is evident therefore that only part of the undissolved beryllia reacted 
with the silica to form BeSiO;. In fact, the formation of BeSiO, at 
1260°C. depended upon the presence of Zn.SiO, as a “flux.” In sample 
296, prepared from a mixture of 2BeO + SiO, with no zine oxide, the 
pattern was identical with that from a similar mixture in which the in- 
gredients had been fired separately and then mixed. This proved that no 


o_ NO Mn FIRED 2 HOURS AT 1260°C. 

1180°%C 
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Fic. 2. Lattice spacings for innermost line in back-reflection diffraction patterns 
of zine beryllium silicates. 


Be.SiO,, or only an insignificant amount, had been formed in 296. This 
is further evidence that the reaction between beryllia and silica is so reluc- 
tant that it is the controlling factor in the formation of completely reacted 
phosphors. 

In order to obtain greater accuracy in measurement of the solubility 
limit, the measurements were repeated and extended photographically by 
Mrs. Beulah F. Decker, using Cu-Ke radiation and a spectrometer capable 
of recording back reflections of lines. To get the highest sensitivity, the 
extent of contraction of the lattice was found by calculating the lattice 
spacing for the innermost line, that which had been most nearly reflected 
to 

The d-values corresponding to the position of this line are recorded in 
Table IL for two series of phosphors. Mrs. Decker reports that they are 
accurate to the third decimal place. The first series contains manganese, 
the second is without manganese. The results for phosphors prepared at 
1260°C. are shown graphically in the curves of Fig. 2. Again, the con- 
traction in the lattice continues uniformly to a concentration of 24-25 
molar per cent BeO. The curve for phosphors containing manganese shows 
the same solubility limit but lies parallel at a higher level. This denotes a 
uniformly larger lattice size, which is due to the larger ionic radius of 
manganese. Manganese has an extensive solubility in zine silicate. 
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teference to Table II shows that the lattice spacing of phosphors fired 
at 1180°C. is slightly higher than found at 1260°C. The difference, even 
though small, is to be ascribed to an incomplete reaction. The results 
indicate that the solubility limit is the same as at 1260°C. 

This conclusion was strengthened by subjecting samples fired at 1260°C. 
to a refiring at lower temperatures. This is particularly significant for 
those samples containing more than 25 molar per cent BeO—the range in 
which the constancy of lattice spacing denoted attainment of a saturated 
solution at 1260°C. Within this range, any decrease in solubility would be 


TABLE II. Lattice spacings of zinc beryllium silicates of variable composition 


No. Mol % BeO | % by wt. Mn | Firing temp. | Refiring temp. G/R d-value 
297A 14.5 2.7 1260 0.97 1.1961 
297A 14.5 2.7 1260 1260° 0.96 1.1951 
298A 25.4 2.5 1260 0.57 1.1853 
299A 40.4 2.2 1260 0.62 1.1864 
29094 40.4 2.2 1260° 1260° 0.63 1.1880 
302A 40.4 2.2 1260 - 0.57 1.1854 
297C 14.5 2.7 1180° 1.53 1.1997 
297C 14.5 2.7 1180° 1180° 1.24 1.2003 
299C 40.4 2.2 1180° 0.69 1.1883 
302C 40.4 2.2 1180° 0.59 1.1889 
308 nil | nil 1260 1.2089 
309 10.0 nil 1260 1.1960 
309 10.0 nil 1260° 1100° 1.1949 
310 15.0 nil 1260 - 1.1905 
311 20.0 nil 1260° 1.1856 
312 25.0 nil 1260 1.1826 
312 25.0 nil 1260 1030° 1.1836 
312 25.0 nil 1260 900 1.1827 
303B 30.0 nil 1260° 1.1800 
303 B 30.0 nil 1260 1100 1.1802 
303B 30.0 nil 1260 1030° 1.1827 
303B 30.0 nil 1260° 900° 1.1807 
305 32.0 nil 1260 1.1800 
306B 34.0 nil 1260° 1.1781 
307 38.2 nil 1260 1.1786 
313 50.0 nil 1260° —— 1.1771 
313 50.0 nil 1260 1100° 1.1797 
314 70.0 nil 1260 - 1.1771 


denoted by an increase in lattice spacing. An increase in solubility would 
be shown by a decrease in spacing. Various samples of the unactivated 
mixtures were refired for 2 hours at 1100°C., 14 hours at 1030°C., and 33 
hours at 900°C. In no case did a significant change occur. 

A consideration of these data with those obtained by the author pre- 
viously (1) leads to the conclusion that there is a slight reduction in solu- 
bility at 1260°C. The 30 per cent limit found at the fusion temperature 
of about 1500°C. falls to 25 per cent at 1260°C. Whatever further reduc- 
tion occurs at still lower temperatures appears to be too small for con- 
clusive detection. Kroeger (2) has reported that at 1150°C. the solubility 
limit is as low as 12 per cent Be.SiO,. Because of the sluggishness of the 
reactions involved, it may be that his results simulated the attainment of 
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saturation at a concentration that was too low. The change in solubility 
from 30 per cent at 1500°C. to 25 per cent at 1260° C. appears reasonable. 
At still lower temperatures, the rates of reaction and of diffusion become 
very slow, so that they render difficult the measurement of the further 
reduction which is to be expected. 


MAINTENANCE IN LAMPS 


The phosphors prepared by Dr. Froelich for this investigation afforded 
an opportunity to find if there were any characteristic differences in main- 
tenance that resulted from changes in constitution. Life tests have pre- 
viously been reported on standard forms of the phosphor by Meister and 
Nagy (3), and by Lowry (4). The latter has demonstrated the variations 
in maintenance that are encountered in practice and has subjected his 
results to analysis in an attempt to elucidate some of the causes for these 
variations. The present data are presented to draw attention to addi- 
tional factors that may be present. 

The phosphors were mounted as disks in tubular types of the low pressure 
mercury discharge. The disks were obtained by pressing the dry powder, 
without binder, into circular recesses, in a long glass slab. The recesses 
were | cm. in diameter and 1 mm. deep. Five disks of different phosphors 
were mounted, about 5 em. apart, on one slab. This slab was fastened 
within a 1 inch (2.54 em.) tube such as is used in the 15 watt fluorescent 
lamp and standard cathodes were sealed in. Results on the five different 
phosphors are therefore comparable, independent of chance variations in 
the character of the discharge. After exhaust for 1 hour at 380°C., fol- 
lowed by introduction of argon and mercury and by activation of the 
cathodes that was sufficiently prolonged to remove troublesome impurities, 
the tube was mounted in a rigid position and operated at constant current. 
The brightness of each disk was measured with a light sensitive cell mounted 
at one end of a cylinder. <A lens served to focus a diffuse image of a disk 
over the surface of the cell. This device was held at a fixed distance from 
the lamp containing the disks and was moved in a direction parallel to the 
lamp. The brightness of each disk was always measured at the position 
giving maximum intensity. Readings were reproducible to within 0.2 per 
cent. 

Two agents responsible for abnormal depreciation had to be carefully 
avoided, alkali and moisture. When potassium silicate was used as a 
binder, a 30-50 per cent decrease in brightness occurred within 60 hours of 
operation. It was for this reason that phosphors were used in the final 
tubes as dry powders. A further precaution was found necessary, that the 
tubes be exhausted immediately after fabrication. When a tube was left 
unexhausted for three days in moist air, the phosphors lost 25-35 per cent 
in brightness in 60 hours. 

When tubes were made with these precautions in mind, reproducible 
results were obtained. There was, it is true, some variation in absolute 
values from one tube to another but the relations between the maintenance 
of different phosphors, as tested in individual tubes, remained the same on 
repeated tests. To demonstrate that the results agree with large scale 
factory tests of lamps, a test was made of two phosphors, one of which, 
A, had shown consistently good lumen maintenance and the other, B, 
poor lumen maintenance. They were tested with one of Dr. Froelich’s 
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phosphors, 297C, which showed superior maintenance. The results, as 
given in Fig. 3, are in accord with the factory reports. Phosphors A and 
B were both of the standard composition as used in 3500° white lamps. 
The lattice spacing for A however was slightly lower than for B, 1.1969 vs. 
1.1980, in terms of the d-value quoted previously in Table II. It may be 
only a coincidence, but the same relation between maintenance and lattice 
size was shown for a pair of the Froelich phosphors, 297A and C, which 
had been fired at 1260°C. and 1180°C., respectively. 

The relative maintenance of these phosphors brings out a typical dif- 
ference between products prepared at these two temperatures. Repeated 
tests showed no consistent difference in performance between phosphors 
prepared at the same temperature from mixtures containing 14.5 molar per 
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Fic. 3. Maintenance of good and poor phosphors 


cent BeO and those with 40.4 molar per cent. There was, however, a 
uniformly better maintenance for the series prepared at 1180°C. than for 
that prepared at 1260°C. This difference persisted even in a tube which 
had been exposed to moist air for the purpose of aggravating the deprecia- 
tion. 

The difference is demonstrated for well-exhausted tubes by the main- 
tenance measurements which are recorded in the curves of Fig. 4 and 5. 
In each case the test was repeated and the measurements found to be in 
close agreement. ‘The points in the curves are the averages of measure- 
ments from the two tubes. To avoid confusion, the tests are limited to 
two phosphors, 297A and C, prepared from mixtures containing 14.5 molar 
per cent BeO. A similar relationship was found for 299A and C, from 
mixtures with 40.4 molar per cent. 

From Table II it is apparent that refiring 297A at 1260°C. gave no further 
change either in its spectral distribution or in its lattice dimensions, a 
demonstration that it is in a stable, completely reacted form. Refiring 
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297C at 1180° shifted the fluorescence toward the red but, strange to say, 
had no effect. upon the lattice. It is probable, however, that 207C rep- 
resents an incompletely reacted phosphor. ; 

A satisfactory explanation for the better performance of the 1180° 
product is not yet at hand. The presence of unreacted BeO or BeSiO, 
is, no doubt, one factor. This was confirmed by a comparative test be- 
tween 297A and 298A. Both were prepared at 1260°C. but the composi- 
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Fic. 4. Maintenance of phosphors over 100 hour period as dependent on firing 
temperature. 
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tion of the latter,"25.4 molar per cent BeO, was so close to the saturation 
point of the solid solution, that it would be expected to contain some un- 
dissolved beryllium. It did in fact show a consistently better maintenance 
but the difference was not as great as was found for 297A and C. It ap- 
pears therefore that a further factor is involved, a factor that is related to 
the lower temperature of formation. 

In conclusion, it is of course generally accepted that rapid depreciation 
occurs after exposure to moisture. There is as yet no general agreement 
as to the seriousness of photolysis. Meister and Nagy (3) have present 
evidence to show that photolysis is negligible under 2537 A but that i> is 
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sufficiently active under 1850 A to account for the pronounced depreciation 
which occurs. The present tests show such good maintenance for the 
phosphors of curves A and C in Fig. 3, 4, and 5, that it is hard to accept 
photolysis, even if present, as an inherently active agent in depreciation. 

This conclusion was strengthened by two further tests in which phosphor 
disks, prepared as described above, were mounted in evacuated quartz 
tubes and were then tested under radiation external to the tubes. In order 
to avoid errors due to variation in the intensity of exciting radiation, 
depreciation was measured relative to a blank phosphor disk which was not 
life tested. Four phosphors were tested under a germicidal lamp, emitting 
2537 A radiation only. Two of them had given good performance in 
lamps tested at Nela Park and two had shown bad maintenance. Measure- 
ments made at intervals over a period of 211 hours showed no depreciation 
for any phosphor, in agreement with the results of Meister and Nagy. 

In the second test, two of these phosphors were tested under radiation 
from a low pressure mercury discharge in a quartz tube, emitting 1850 A 
as well as 2537 A. Measurements were made at intervals over a period 
of 100 hours. The phosphor which had shown bad depreciation in lamp 
life tests showed no variation whatever in light output. The other phos- 
phor, characterized by good life in lamps, fell 6 per cent in brightness by 
the end of 100 hours. This result is somewhat ambiguous but again it 
denotes that photolysis under 1850 A is not inherently an active factor. 

The conclusion from these various tests is, therefore, that the cause of 
early depreciation is to be found, not in photolysis, but rather in the 
adsorption of excited mercury atoms on the surface of the phosphor grains, 
as discussed by Froelich (5). Variations in the extent of depreciation 
shown by different phosphors would thereby denote that there is a charac- 
teristic surface structure or constitution, present in some phosphors, which 
is favorable to this type of reaction. 


DECAY RATE OF PHOSPHORESCENCE 


The characteristics of the decay during the first 35 milliseconds were 
measured for several groups of phosphors, including the Froelich samples 
whose constitution and maintenance have been described in the two pre- 
vious sections. For the sake of conciseness, the data given below are con- 
fined to the group of phosphors prepared by fusion. They cover amply 
the significant range of composition and the results from them are in accord 
with results from phosphors prepared at normal firing temperatures. 

The same phosphoroscope was used as in an earlier investigation (6). 
A sector having a 90° opening was placed between the phosphor screen and 
the source of 2537 A. This afforded a sufficiently long time of excitation 
to bring the intensity of fluorescence to an equilibrium value. 

For the first 10-15 milliseconds, the decay was exponential, in accordance 
with the equation, 


P = Poe * 


where [9 is the initial intensity and P the intensity at time, ¢. Thereafter 
the rate of decay became slower and tended toward the bimolecular stage 
typical of the trapped type of phosphorescence. This second stage of 
decay is temperature sensitive. With the zine beryllium silicate phos- 
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phors it is not sufficiently extensive to be an important characteristic, as 
with the sulfides, nor is it of sufficient magnitude to affect the initial rate. 
It is, therefore, the temperature-insensitive, exponential decay which is 
the predominant feature in their phosphorescence. It is this type of decay 
which determines the extensiveness of flicker from a phosphor in a lamp 
under AC operation. 


TABLE IIL. Effect of composition on decay rate and color of zine beryllium 


silicate phosphors 


Relative intensity 


. Molar per cent Wt. per cent Emission bands one 
Lot No. BeO Mn Decay rate 
Green Red 
- 0 0.5 100 0 80 sec 
519 7 1.0 92 8 97 
526 7 2.5 69 31 142 
527 7 4.0 75 25 193 
520 15 1.0 69 31 108 
528 15 2.5 25 75 156 
529 15 4.0 0 100 193 
521 30 1.0 38 62 | 120 
530 30 2.5 0 100 | 170 
531 30 4.0 0 100 | 193 
100 
70 + 4 
A-520-1.0% Mn -K = 108 SECz" 


—+B-526-2.5%Mn-K=156 
C-529-4.0%Mn-K=193 « 
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Fic. 6. Effect of manganese content on decay rate of zine beryllium silicate con- 
taining 15 molar per cent BeO. 


A typical set of decay curves is given in Fig. 6. A summary of the 
results over the range investigated is given in Table III. The relative 
intensity of the emission bands is not, in this case, a measure of the relative 
transmission of fluorescence through green and red filters, but is derived 
from spectral distribution curves taken by Dr. F. J. Studer, some of which 
are in addition to his published data (7). To obtain the values given in 
the table, a somewhat arbitrary attempt was made to define the magnitude 
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of each band. The ratio of their peak intensities was then taken as a 
measure of their relative intensities. 

It is important to observe that the exponential decay appears to be 
homogeneous. It is not a composite of two separate decay processes, one 
for the green band and a second one for the red band, each characterized 
by a different rate. Furthermore, the eye can perceive no change in color 
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Fic. 7. Relation between rate of decay, color, and composition of zine beryllium 
ilicate phosphors. 


during decay such as would necessarily be the result if two processes at 
different rates were involved (8). 

A graphic summary is given in Fig. 7 to show the dependence of decay 
rate and color upon composition. As the decay rate becomes lower, the 
flicker of the phosphor in lamps is reduced. It is therefore desirable from 
this viewpoint, to choose phosphors for lamps having a minimum decay 
rate. The zine beryllium silicates have higher rates than zinc silicate 
devoid of beryllium. Unfortunately, such appreciable amounts of beryl- 
lium and manganese must be used to obtain the amount of red desired | 
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that the rate becomes considerably higher. From Fig. 7, it is apparent that 
a lower rate of decay for phosphors of standard emission color is obtainable 
by using high beryllium content and low manganese rather than low beryl- 
lium and high manganese. There are, of course, other important con- 
siderations which make necessary the choice of the latter combination. 


Any discussion of this paper will appear in the discussion section of Volume 95 
of the Transactions of the Society. 
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PREPARATION AND PROPERTIES OF SILICON MONOXIDE! 
H. peWET ERASMUS AND J. A. PERSSON 


Union Carbide and Carbon Research Laboratories, Inc., Niagara Falls, New York 


ABSTRACT 


A friable, massive, black, resinous material satisfying the chemical 
formula for silicon monoxide has been made by the controlled condensation 
of vapors obtained by heating silicon and silica ina vacuum. The material 
is completely soluble in hydrofluoric acid, is an electrie insulator, and is 
structurally different from either silicon or silica, as revealed by x-ray and 
electron diffraction studies. 


REVIEW OF PREVIOUS WORK 

The partial reduction of silica was first investigated by Potter in 1907 
(1), who prepared “‘Monox” by heating a suitable mixture of silica and 
carbon in a vacuum are furnace. The product was an extremely fine, 
silky-feeling, light brown, opaque powder which later x-ray diffraction 
studies in 1941 by H. N. Bauman, Jr., (2) proved to be a finely divided 
mixture of silicon and cristobalite. 

In 1928, Bonhoeffer (3) published data on absorption spectra showing 
the formation of silicon monoxide. 

Later in 1941, Zintl (4, 5, 6, 7) studied volatilization in vacuo from mix- 
tures of silicides and silicates and reported obtaining a brownish-black, 
glassy condensate and brown, shellac-like skins by slow condensation, 
whereas, previously, silicon monoxide was usually made as a very fine, 
brownish powder. X-ray diffraction patterns of these products indicated 
the presence of silicon. 

In 1942, Zapffe and Sims (8) published an extensive review of the litera- 
ture on silicon monoxide and its bearing on steel practice. 

Notwithstanding the work already done, confusion still existed concern- 
ing the chemical identity of so-called silicon monoxide. Its volatilization 
at lower temperatures than those required for silicon and silica was ascribed 
by some to the existence of a lower boiling azeotrope of silicon and silica. 

EXPERIMENTAL PROCEDURE 

Initially, the experiments performed at the Union Carbide and Carbon 
tesearch Laboratories, Inc., paralleled those of Zintl and his associates. 
The experiments centered about the following types of reactions: 

MeO + Si = Me + SiO (vapor) 
xMeO-ySiO. + ySi = «MeO + 2ySiO (vapor) 
The condensates obtained at first were brown and apparently consisted of 
a very finely divided mixture of silicon and silica due to the following re- 
verse reaction: 
28SiO0 = SiO, + Si 

‘ Manuscript received January 13, 1949. This paper prepared for delivery before 

the Philadelphia Meeting, May 4 to 7, 1949. 
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In succeeding experiments, this reaction was investigated further. When 
the brown condensate was leached with hydrofluoric acid, the silica portion, 
approximately 68 per cent, dissolved leaving finely divided silicon. By 
increasing the rate of quenching of the silicon monoxide vapor generated 
by heating a mixture of silicon and silica, more than 68 per cent became 
soluble in hydrofluoric acid. The products thus obtained corresponded 
to those described by Zintl and his associates. 

Finally, by closer control of vacuum, temperature, and rate of con- 
densation, a product was obtained, with an analysis corresponding to SiO, 
that was completely soluble in hydrofluoric acid. 

Silicon monoxide, made in this way, was a black, resinous-looking ma- 
terial unlike the brown decomposed product. On reheating to between 
1300° and 1375°C. under an inert atmosphere, this black product became 
decomposed to a tan-colored material which was soluble in hydrofluoric 
acid only to the extent of 68 per cent. By leaching out the silica in this 
manner, a product containing 99.9 per cent silicon has been obtained. <A 
similar product was obtained by reacting silica and carbon, but it contained 
some silicon carbide presumably due to a reverse reaction: 


3810 + CO = SiC + 28i0, 
PROPERTIES OF SILICON MONOXIDE 


The black SiO condensate resulting from the reaction of silicon and silica 
under suitable conditions is completely soluble in hydrofluoric acid. Its 
density is about 2.2. Whereas the more readily obtained brown SiO con- 
densate is an electrical conductor with high resistance, the black resinous- 
looking material is almost non-conducting. Measurements made on a 
*.-inch thick disk of 1-inch diameter gave the dielectric values shown in 
Table I. The electrical properties of thin films of silicon monoxide were 
not determined. 


TABLE I 


Frequency in megacycles Power factor Dielectric constant 
0.05 0.011 5.0 
1.5 0.004 4.9 
10.0 0.004 4.8 
70.0 0.003 4.8 


The black SiO condensate gives no x-ray diffraction pattern, but the 
more readily obtained brown condensate or the annealed black product” 
gives the typical silicon pattern. For comparison, electron diffraction 
patterns were obtained from metallurgically refined silicon, chemically 
purified silicon, brown SiO, black SiO annealed in argon at 1375°C., black 
SiO, and the silica flour used in making SiO. The first four gave patterns 
which checked the silicon x-ray pattern. The lines for the first two were 
spotty, indicating large crystallite sizes. For the next two, the lines were 
smooth and diffuse, indicating finely diyided silicon. The silica flour 
gave a quartz pattern, but the black SiO showed three noticeable halos 
or bands after long exposure, corresponding to spacings of approximately 
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3.6, 1.8, and 1.2 A. The band spacing corresponding to 3.6 A was reason- 
_ably clear, and this value is almost exactly midway between that of the 
strong line of silicon at 3.12 A and that of cristobalite at 4.04 A. The 
broadness of the halos indicates either amorphous character or ultimate 
particle sizes on the order of 10 to 15 A. 

Silicon monoxide is presently used for coating first surface mirrors and 
optical glass by condensing a film of the material on these surfaces in 
vacuo to serve as a protection against abrasion and tarnishing. 


CONCLUSION 


It is concluded that black SiO is a nearly amorphous, polymeric material 
with the composition SiO. 


ACKNOWLEDGMENT 


The authors wish to express their appreciation for the encouragement 
and help received from Messrs. A. B. Kinzel, President, G. D. Bagley, 
Chief Engineer, W. D. Forgeng, Research Physicist, R. M. Fowler, Chief 
Chemist, and B. J. Wilson, Laboratory Assistant, all of the Union Carbide 
and Carbon Research Laboratories, Inc., and also from Dr. R. H. Gillette, 
Assistant to the Superintendent of the Tonawanda Laboratory of The 
Linde Air Products Company. 


Any discussion of this paper will appear in the discussion section of Volume 95 
of the TRANSACTIONS of the Society. 


REFERENCES 


H. N. Porrer, Trans. Electrochem. Soc., 12, 191 (1907 

H. N. Bauman, Jr., Trans. Electrochem. Soc., 80, 95 (1941). 

K. F. Bonnoerrer, Z. physik. Chem., 131, 363 (1928). 

E. Zint., W. BrauninG, W. Krinas, (To 1. G. Farbenindustrie) Can. Pat. 399,416. 

E. Zint. AND J. Mornawietz, U.S. Pat. 2,301,663, Nov. 10, 1942. 

E. Zinti anv H. Gruss, U.S. Pat. 2,286,663, June 16, 1942. 

. E. Zinti, W. Brauntna, H. Gruse, W. Kainas, anp W. Morawtetz, Z. anorg. u. allgem. Chem., 245, 1-7 
(1940); Chem. Abstracts, 35, 1719 (1941). 

8. C. A. Zaprre anv C. E. Sims, Jron Age, 149, No. 4, pp. 29-31 (Jan. 22, 1942) and No. 5, pp. 34-39 (Jan. 29 

1942). 


Noose 


| 
‘ 


une 1949 


reason- 

of the 
\. The 
Itimate 


ors and 
aces in 


naterial 


gement 
Bagley, 
r, Chief 
Carbide 
rillette, 
ot The 


ylume 95 


m., 245, 1-7 
39 (Jan. 29 


AN ANOMALOUS LUMINESCENT EFFECT! 


J. E. UNDERWOOD 


Diamond Alkali Company, Painesville, Ohio 


ABSTRACT 


The luminescence caused by the radiations emitted from radon, when 
confined over a plane surface of phosphorescent zine sulfide, is not uniform. 
Bright and dark areas oecur in a variety of unpredictable configurations 
and these areas slowly change their form and light intensity with time. 
Although some of the changes in luminosity are apparently affected by 
magnetic field, the real cause of the effect has yet to be found. The lumi- 
nosity is sufficient to produce photographs through short time exposures 
without film fogging. Such photographs serve as records of the effect. 


The production and utilization of radioactive luminous materials stems 
from the early discovery that certain natural and synthetic compounds 
become luminous in the presence of radium bearing substances. Of the 
various materials manifesting this phenomenon, zine sulfide phosphors were 
found to give the highest luminosity per unit quantity of radium. It was 
also found that practically all of the light was due to scintillations caused 
by the bombardment of the sulfide crystals by alpha particles, and that 
any element giving off such particles was effective. 

In the self luminous radioactive-zine sulfide phosphor preparations, the 
intensity of light is primarily dependent on the amount of alpha ray emitting 
radioactive material and the sensitivity of the phosphor to such radiations. 

The sensitivity factor is of considerable importance since the specifica- 
tions for self-luminous materials are generally based on ‘‘brightness’’ 
values and not on radioactive content. 

There are a number of methods used for the determination of the sensi- 
tivity of zine sulfide phosphors to alpha radiation. Some procedures in- 
volve the use of short wave length light and the measurement of the phos- 
phorescent and fluorescent brightness. A more definite method is to 
incorporate the radioactive material in the phosphor and make measure- 
ments of brightness over a period of time. However, this method is 
exacting and time consuming. 

In other methods, the phosphor is exposed to alpha radiations. Either 
a solid radioactive material or the gas radon is used as a source of alpha 
ray emitting materials. 

It was through the use of radon as a source of alpha radiation for the 
evaluation of sensitivity in radium luminous zine sulfide phosphor research 
investigations that an anomalous luminescent effect was found. When 
radon was confined over a plane surface of zine sulfide phosphor, the 
luminosity was uniform for only a comparatively short time. The initial 
uniform brightness slowly changed to bright and dark areas having a 


‘ Manuscript received February 14, 1949. This paper prepared for delivery before 
the Philadelphia Meeting, May 4 to 7, 1949. 
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variety of unpredictable configurations and these areas continued to change 
slowly their form and light intensity with time. 

The original discovery was made when a number of samples of different 
zinc sulfide phosphors were placed in a small partially evacuated desiccator 
into which a few millicuries of radon (15 to 40 millicuries) were introduced, 
The first luminosity was quite uniform over the surfaces of the various 
individual phosphors, the brightnesses varying among the samples in ac- 
cordance with their sensitivities. However, the luminosities did not re- 
main constant. Light and dark areas appeared which continued to change 
slowly and over a period of several days did not return to the original uni- 
form surface brightness. 

At first it was believed the effect might be connected in some way with 
the desiccator acting as a condenser. To eliminate this factor, as far as 
possible, the inside surface was coated with a conducting medium and 
grounded. The changes in luminosity continued and apparently the type 
of containers (metal or non-metal) for the phosphors or their positions on 
on or off a grounded plate within the desiccator made no difference in the 
effect noted. 

Further investigations led to the discovery that the boundaries of the 
light and dark areas arranged themselves roughly along the lines of the 
earth’s magnetic field. A considerable number of experiments have been 
made, using imposed magnetic fields as well as the earth’s field, but no 
plausible explanation of the effect has been proposed. However, the 
phenomenon is apparently connected in general with certain factors in- 
volved in the following observations: 

1. The luminosity is due primarily to alpha radiations. 

2. A magnetic field affects the position, type, and change in the luminous 
configurations. Either pole of a magnet is effective and the luminosity 
changes are noted whether the magnet is in the same plane as the phosphor 
or perpendicular to it. When perpendicular, the luminosity variations 
appear in general to center under the pole and to radiate from it. 

3. The effect is connected with radon concentration. Low initial con- 
centration may give no discernible configuration and any of the con- 
figurations which form slowly die out with the natural decay of the radon. 

t. The luminosity is apparently due to radioactive material on the 
crystals of the phosphor. If a section of the surface of the phosphor is 
displaced after a configuration is set up, the luminosity remains unchanged 
and in the same position on the displaced portion. 

5. The effect oceurs whether or not there is a free movement of the phos- 
phor crystals. 

6. The total luminosity, over the entire surface of the phosphor, dark 
and light areas together, appears to remain somewhat constant. However, 
this is not a general rule as the total brightness is affected by the area of 
the phosphor in relation to the size of the container and the concentration 
of radon present as well as to the natural decay of the radon itself. 

7. The configurations are changed or eliminated by rotating the surface 
of the phosphor. In general, the result of each rotation is to produce a 
practically uniform surface brightness followed by the formation of new con- 
figurations. 

8. The configurations are not duplicated when planes of the phosphor 
are placed one above the other in the same radon atmosphere. 
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9. The size and form of the containing vessel have some effect on the 
type of configurations. 

Under conditions of high luminosity it was found possible to photograph 
the effect without film fogging. An apparatus (Fig. 1) was assembled 
which proved satisfactory for photographing the effect. A pipe section 
‘A’ (23 in. ID) (6.45 em.) was hermetically sealed with wax at its base ‘B’ 
and around the contact with the clear glass plate ‘C.’ A flat receptacle 
‘D’ contained the phosphor, (ZnS). The radon, contained in a small 
capillary glass tube, ‘F’ (‘‘seed’’), is crushed in the rubber ‘policemen’ 
‘E,’ the gas entering the apparatus through the side tube. 

The diffusion of the radon into the space over the phosphor results in the 
production of the initial uniform luminosity. Photographs of the effect 
have been taken intermittently through a number of experimental runs 
with exposures of from 30 seconds to one minute without fogging. Two 
representative groups of the photographs are shown in Fig. 2 and 3. 


c 


Fic. 1. Apparatus for photographing luminescent effect. A—pipe section, B— 
seal, C—clear glass plate, D—phosphor (ZnS), E—side tube and lock, F—radon 
“seed.’’ 


Fig 2. records some of the changes when a magnet is placed in the plane 
of the phosphor with the field in position to accentuate that of the earth. 
The first photograph was taken immediately after the introduction of the 
radon. Time data are indicated for each photograph taken throughout 
the period of the experiment. 

Fig. 3 shows photographs of representative configurations when a magnet 
is placed in a perpendicular position to the plane of the phosphor, Time 
data were not recorded, but the photographs are characteristic of the effect 
under the condition indicated. 

There is a similarity between the effect described and some of the auroral 
displays and, very recently, reference has been made to experiments in 
which magnetic lines of force have been made visible (1). However, it is 
admitted that no definite reason for the effect of radon over zine sulfide 
phosphor has been suggested. ’ 

Further experiments are contemplated which inciude studies of such 
factors as the active deposit alone, variations of magnetic flux strengths, 
variations in pressure (ionization and range of particles) within the equip- 
ment, and the influence of the presence of different gases. This work may 
throw some light on the real cause of the effect, but it is hoped the presenta- 
tion of the somewhat meager information so far found will interest others 
in the problem. 
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ELECTRODEPOSITION OF RHENIUM FROM AQUEOUS 
SOLUTIONS! 


L. E. NETHERTON anv M. L. HOLT 


Department of Chemistry, University of Wisconsin, Madison, Wisconsin 


ABSTRACT 


A study of the electrodeposition of rhenium from aqueous plating baths, 
with emphasis on semi-quantitative information about cathode current 
efficiencies, is reported. Rhenium can be plated as a shiny, metallic, 
and adherent cathode deposit from several different types of aqueous baths, 
but the cathode current efficiencies were quite low, ranging from about 
fifteen per cent to less than one per cent. The sulfuric acid bath was 
found to be the most satisfactory rhenium plating bath. A new citric 
acid type of plating bath for rhenium is also described. 


INTRODUCTION 


A number of different aqueous solutions for the electrodeposition of 
rhenium have been reported. In 1934, Fink and Deren (1) proposed 
several plating baths for rhenium including a sulfuric acid bath, a phos- 
phate bath, and an oxalate bath; of these the sulfuric acid bath seemed to 
be the best. They reviewed the earlier work of Holemann (2) and others 
and suggested that failures were perhaps due to a lack of appreciation 
and control of such factors as pH, temperature, and cathode current 
density. Two patents (3) on rhenium plating claim that hard, adherent 
rhenium plates can be obtained from aqueous solutions of pH 0.3 to 3.0 
containing soluble rhenium compounds and an inorganic or organic acid 
other than a nitrate or a compound of fluorine. The recommended condi- 
tions are a bath temperature of 0° to 100°C. and a cathode current density 
of 8 to 17 amp./dm.2 In 1935, Anderson (4) published a brief note on 
rhenium plating. Young (5) used a modified sulfuric acid bath for the 
electrodeposition of rhenium on brass. 

Several attempts have been made to use electrodeposition as a quanti- 
tative method for the determination of rhenium. Lundell and Knowles 
(6) used a dilute sulfuric acid solution, but found that they were unable 
to remove the last traces of rhenium. O. and F. Tomicek (7) developed 
a micro electro-analytical method, also using the sulfuric acid bath. They 
found, however, that approximately 0.2 per cent of the rhenium was left 
in solution and that the cathode deposits weighed on the average about 
2.5 per cent more than the actual amount of rhenium in the solution, 
indicating the presence of oxides in the deposit. Voigt (8) used an am- 
moniacal solution for his electro-analytical method. 

There is very little quantitative information available in the literature 
concerning the characteristics of the various aqueous baths proposed for 
the electrodeposition of rhenium. Present day interest in the chemistry 
of rhenium (9) and the lower cost of rhenium compounds suggest that 

1 Manuscript received January 24, 1949. This paper prepared for delivery before 
the Philadelphia Meeting, May 4 to 7, 1949. 
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such information may be of value. The purpose of this work is to present 
semiquantitative experimental work dealing with the electrodeposition of 
rhenium and to suggest other aqueous baths. The desired information 
about the baths was obtained best by noting the effect of changes in 
bath pH, bath composition, cathode current density, and bath tempera- 
ture on current efficiency and appearance of the cathode deposits, and 
then comparing the results. Preliminary work showed that the sulfuric 
acid bath and two new baths, a citric acid bath and an ammoniacal citrate 
bath, were among the most satisfactory, so, detailed studies were limited 
to these three baths. Then, for the sake of completeness, the cathode 
current efficiencies of other proposed aqueous baths were determined. 


MATERIALS AND METHODS 


Preparation of plating baths—The source of rhenium for all baths was 
potassium perrhenate (IX ReQ,) as this is the most readily available rhenium 
compound. The sulfuric acid bath of Fink and Deren (1) contained KReO, 
and concentrated H.SO, to give the desired pH; the new citric acid bath 
contained 50 g./l. of citric acid and KReQO,; and the new ammoniacal 
citrate bath contained 50 g./l. of citric acid, potassium perrhenate, and 
concentrated NH,OH to give a pH of about 9.5. A fresh bath was used 
for each electrolysis. The bath pH was determined by a glass electrode 
at the operating temperature of the bath. 

Electrodes.—Platinum anodes, 3 x 3 cm., and copper cathodes of the 
same size were used in this work; the copper cathodes were carefully cleaned 
by the usual methods. During electrolysis, the cathode was supported 
between two anodes by brass buss-bars. It is recognized that this arrange- 
ment of electrodes is not the best for the measurement of exact cathode 
current efficiencies; however, it is felt that it is satisfactory as a means of 
comparing the various baths. 

Electrolysis—About 80 to 100 ml. of plating solution were used for each 
electrolysis. Pyrex beakers (150 ml.) which served as plating cells were 
placed in a thermostat to maintain the desired bath temperature. Or- 
dinarily two cells were used for each 15 minute electrolysis run. The 
cells were covered with notched glass plates to minimize losses by spatter- 
ing and evaporation. A copper coulometer was used in series with the 
plating cells. A variable voltage rectifier supplied direct current for 
electrolysis. The gain in weight of the cathodes in the plating cells and 
in the coulometer supplied the information necessary for calculating cathode 
current efficiencies. 

Hull cell—The Hull cell had a capacity of 267 ml. of plating solution 
and was used with a platinum anode and a copper cathode. 


EXPERIMENTAL RESULTS 


Effect of KReO, concentration on cathode current efficcency (C.C.E.). 
In this study, the amount of KReQ, in each bath was varied from | to 
10 g./l. The sulfuric acid bath contained enough H.SO, to give a bath 
pH of 1; the citric acid bath contained 50 g./l. of citrie acid at a pH of 
1.5; the ammoniacal citrate bath contained 50 g./l. of citric acid and 
NH,OH to give a pH of about 9.5. The temperature of each bath was 
70°C.; cathode current density (C.C.D.) was 8 amp./dm.’; the time of 
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each electrolysis run was 15 minutes. A C.C.D. of 8 amp./dm.? was used 
because preliminary results with the Hull cell showed that this current 
density gave bright plates with all the baths. The results are given in 
Fig. 1 and show, as expected, that the KReO, concentration has a marked 


effect on the C.C.E. 


of all three baths, and that the sulfuric acid bath has 


the highest current efficiency. 


All the cathode deposits obtained were 


bright and metallic in appearance. 


14 
12} Sulfuric Acid 

oO 

Ammoniacal Citrate 
pH: 9.5 mene 
an 
aoe 
0 2 3 4 5 7 10 


Concentration of KReQ, 

Fic. 1. The effeet of the concentration of potassium perrhenate (g./l.) on the 
cathode current efficiency (C.C.E.) of the sulfurie acid, citrie acid, and ammoniacal 
citrate rhenium plating baths. Temp. 70°C.; C.C.D. 8 amp. /dm.?; 15 minutes elec- 
trolysis. 


Effect of bath temperature on C.C.E.—For these studies bath tempera- 
tures were varied from 25°C. to 90°C. To conserve the supply of KReO,, 
ach bath was made up to contain only | g./l. of KReQO,. It is recognized 
that this is a rather low concentration, but it was considered satisfactory 
because a fresh bath was used for each run and the period of electrolysis 
was short. Bath pH, C.C.D., and time of electrolysis were the same as 
noted above. The results given in Fig. 2 show that, for each bath, the 
C.C.E. increases with increasing bath temperature reaching a maximum 
at the highest bath temperature. Again the sulfuric acid bath gave the 
best C.C.E., a maximum of about 5 per cent at 90°C. It is obvious, on 
examination of Fig. 1 and 2, that the C.C.E. values given in Fig. 2 could be 
improved by using baths containing more KReQO,. All cathode deposits 
were bright and metallic in appearance. 

Effect of pl on the C.C.4.—The sulfurie acid bath contained 1 g./I. 
of KReO, and H.SO, to the desired pH. The C.C.D. was 8 amp./dm2? 
and the temperature was 70°C. The upper limit for bright plates at 
these conditions was found to be about pH 1.4 to 1.5. Solutions less 
acid than this, e.g., pH 2, gave dark cathode deposits and a C.C.E. of 
less than one per cent. Solutions containing more H.SO,, e.g., pH 0.4 
and lower, gave shiny metallic deposits with efficiencies of 4 to 6 per cent. 
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The citrate bath contained 1 g./l. of KReO,, 50 g./l. of citric acid, and 
NH,OH to the desired pH. The C.C.D. was 8 amp./dm.? and the tempera- 
ture was 70°C. Bright metallic cathode deposits were obtained in the pH 
range 1.5 to about 10. The best current efficiencies were observed in the 
pH range 6 to 7 (about one per cent) and in the pH range 9.5 to 10 (about 
two per cent). 

When the pH of a bath containing 1 g./l. of KReQO, and 50 g./l. of 
citric acid was adjusted with sodium hydroxide solution, the C.C.E. was 


Se 4 
Sulfuric Acid 

pH=0.4-0.5 

uw Ammoniacal Citrate 
3 2 pH=9.5 

r Citric Acid pH=1.5 3 

iL i 

2 


uw 
b 
wl 
© 


Temperature °C, 


Fic. 2. The effect of bath temperature on the cathode current efficiency (C.C.E.) 
of the sulfuric acid, citric acid, and ammoniacal citrate rhenium plating baths. 1 
g./l. of KReQ,; C CD.8 amp./dm.?; 15 minutes electrolysis. 


TABLE I. Cathode current efficiencies of various rhenium plating baths; 1 g./l. of 
KReO,; temp. 70°C.; D. 8 amp./dm.? 


Bath pH Approx. C.C.E. 
per cent 

Citric acid, 50 g./l.. .... ; 1.5 | 0.6 

Citric acid, 50 g./l. + N HOH 10 2.0 

Citric acid, 50 g./l. + NaOH........ utedatens 10 } 0.4 
Oxalie acid, 62.5 g./l. 0.8 0.3 
NasHPO,, 66 g./l. + HsPO, 2.3 0.2 

Tartaric acid, 70 g./l.. . - 1.3 0.5 


found to be very low (about 0.3 per cent) and did not change in the pH 
range 4 to 12. 

Cathode current efficiencies of other rhenium plating baths —To compare 
current efficiencies of the various other rhenium plating baths, a number of 
them were prepared to contain 1 g./l. of KReO, and other ingredients and 
pH values as indicated in Table I. Current efficiencies were determined 
in all cases at a C.C.D. of 8 amp./dm.*? and a bath temperature of 70°C. 
As shown in Table I, all current efficiencies were quite low. 


DISCUSSION AND CONCLUSIONS 


There appears to be no difficulty in electroplating bright metallic deposits 
of rhenium from various types of aqueous plating baths. Cathode current 
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efficiencies in all baths are quite low and change considerably with bath 
concentration and electrolysis conditions. 

Probably the most satisfactory bath so far reported for electroplating 
rhenium is the sulfuric acid bath of Fink and Deren (1). When this bath 
contains 10 g./l. of KReO, and H.SO, to a pH of about one, it yields bright 
metallic cathode deposits, and, at 8 amp./dm.? and a bath temperature of 
70°C., the C.C.E. is about 15 per cent. When this bath contains only 
1 g./l. of KReO,, the C.C.E. at the same conditions is 5 per cent. This 
sulfuric acid bath is particularly sensitive to pH changes, which suggests 
that the fundamental reduction reaction may be represented by the equa- 
tion 


Ret SH* + Je = Re + 4H.O 


The ammoniacal citrate bath is perhaps the best of the other plating 
baths studied. C.C.E. with this bath is quite low, but where it is neces- 
sary to conserve rhenium salts and where only a thin plate of rhenium is 
desired, it may be a useful bath. 

The electrodeposited rhenium has a silvery metallic appearance but it 
tarnishes somewhat on standing, particularly in moist air. Rhenium metal 
gives no apparent reaction with HCl and very little if any reaction with 
H.SO,. It is soluble in HO. and in HNO, being oxidized to perrhenie acid, 
HRet ds. 

It was observed by Fink and Deren (1) that rhenium can be codeposited 
with such metals as nickel and cobalt. A study of the electrodeposition 
of rhenium alloys is in progress in this laboratory and the results will 
be presented in a later article. 


Any discussion of this paper will appear in the discussion section of Volume 95 of 
the TRANSACTIONS of the Society. 
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FHE EFFECT OF SODIUM HYDROXIDE UPON THE 
ELECTRODEPOSITION OF ELECTRODIALYZED 
KAOLIN! 


JAMES L. GABBARD? anp MAURICE R. THOMPSON? 


Electrotechnical Laboratory, U. S. Bureau of Mines, Norris, Tennessee 


ABSTRACT 


Fractions of electrodialyzed Georgia kaolin of definite particle-size range 
were prepared by centrifugation and employed to make suspensions for 
obtaining pH titration curves with NaOH as base. Using the same partly 
neutralized suspensions from the pH measurements, the corresponding 
yield in g./coulomb upon electrodeposition was determined. 

Additional evidence was obtained that clay acts similarly to a weak 
monobasic acid upon titration, and that the following hyperbolic relation 
holds approximately for the yield upon electrodeposition at any pH: 


milliequivalents NaOH/100 g. clay (g./F) = 10°. 


A simple mathematical explanation of this relation is presented, based 
upon the Henderson-Hasselbalch equation for the titration of weak acids. 

The cell vessel used for electrodeposition constituted the metal anode 
in order to afford an even deposit of cylindrical shape, which could be 
handled with minimum loss. The yield of clay varied with the kind of 
metal employed as anode. Most of the experiments were performed using 
silver, which gave maximum vield of the various metals tried. This 
suggests the advantage of silver-plating anode equipment for the electro- 
phoresis of clay. 


INTRODUCTION 


Few papers have been published giving definite information concerning 
the electrodeposition of clay, which is an anodic phenomenon. In a study 
of electrophoretic filtration of kaolin, Ralston and Hoseh (1) found that 
the Faraday equivalent of clay varied widely and suggested the importance 
of further study. Speil and Thompson (2) investigated the effect of 
numerous variables upon the electrophoretic dewatering of various clays 
with special reference to the moisture content, yield in g./F (grams per 
Faraday), and energy consumption for the product. They showed that, 
if the titration of glectrodialyzed clay is regarded as the neutralization of 
a weak monobasic acid by a strong base, the product of milliequivalents 
of Na* per 100 g. clay and the corresponding yield of clay in g./F (or 
apparent molecular weight) is equal to the constant 10° at the end point. 

‘ Manuscript received November 22, 1948. This paper prepared for delivery before 
the Philadelphia Meeting, May 4to7, 1949. Published by permission of the Director, 
Bureau of Mines. 

2 Present address, Carbide and Carbon Chemicals Corporation, Oak Ridge, Ten- 
nessee. 

‘Former electrochemist, Electrotechnical Laboratory, Norris, Tennessee, now 
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Also, if the particle charge is assumed to be proportional to the amount 
of Na* added, the same hyperbolic relation should hold at any stage of the 
titration. This was found to be approximately the case by experiment. 

This branch of the subject, dealing with the titration of clay compared 
with yield upon deposition, is so complex that a further and more detailed 
study seemed warranted. In planning the present work, it was decided 
to concentrate upon experiments with different particle size fractions of 
the same electrodialyzed clay and with NaOH as dispersant. To obtain 
deposits of even thickness that would withstand handling and weighing 
with minimum loss, an improved cell was designed in which the vessel 
was metallic and served as anode. 


EXPERIMENTAL METHODS 


Fractionation of clay——Approximately 5 kg. of washed kaolin from the 
Georgia Kaolin Company, Dry Branch, Georgia, was dispersed in distilled 
water by use of a propeller-type stirrer. The material less than 1 micron 
in diameter was separated from the coarser portion by 4 repeated sedi- 
mentations. This fine material was then further fractionated by repeated 
centrifuging in a Sharples continuous supercentrifuge according to the 
methods employed by Norton and Speil (3), to give three fractions des- 
ignated respectively as: (1) minus 0.2 yw; (2) 0.2 to0.5 uw; and (3) 0.5 to1.0 4. 

Purification of clay by electrodialysis ——The clay suspensions were purified 
by electrodialysis in three compartment (Mattson-type) cells with dimen- 
sions 25 x 18 x 22 em. Carbon anodes and copper cathodes with dimen- 
sions 23 x 18 em. and spaced 10 em. apart were employed. Parchment 
paper supported by cotton cloth served as the electrode membranes. 
Continuous stirring was maintained during the electrodialysis. An initial 
potential of approximately 100 volts was applied to the electrodes and 
gradually increased to approximately 600 volts as the conductivity of the 
suspension decreased. The water in the electrode compartments was 
replaced by distilled water at frequent intervals, hourly at first, and at 
approximately 8- and 12-hour intervals as the electrodialysis became more 
complete. The electrodes were interchanged at the end of each interval 
in order to redisperse the clay deposit from the anode membrane. 

In order to obtain information on the completion of electrodialysis, : 
cell containing only distilled water was treated in the same manner as 
the cells containing clay suspensions. The pH values of the discharged 
water in the electrode compartments of this cell were measured at the end 
of 12-hour intervals of continuous electrodialysis and compared with those 
of the corresponding samples from the clay suspension cells. The pH 
values of the water and the clay suspension in the mid-compartments of 
the respective cells were also compared at the end of each time interval. 
A summary of a typical set of data is shown in Table I. The electro- 
dialysis was considered complete when the pH of the catholyte water, 
after a 12-hour interval of continuous electrodialysis, remained constant, 
with a value between 8.0 and 8.6. It is to be noted that the pH of the 
clay suspensions was only slightly lower than that of the electrodialyzed 
water. 

Apparatus.—In the electrolytic deposition experiments, a cylindrical 
anode, closed at the bottom with a No. 11 rubber stopper, served as the 
container for holding the clay suspensions. The cylinders, approximately 
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6 em. in diameter and 10 em. in height, were made from 0.127-inch-thick 
(0 323 em.) sheet silver. For comparison purposes, anode cylinders were 
also made from sheet copper, lead, tin, zinc, and platinum. The maximum 
usable deposition area was about 130em2 The cathode consisted of a 
rotating silver-plated iron tube 1 em. in diameter and 10 em. in length, 
supported concentrically with respect to the anode and insulated from the 
electric motor by a glass rod. Unless otherwise stated, all data in this 
paper upon the electrodeposition of clay are based upon the use of silver 
anodes to receive the deposits. 

Procedure.—Many exploratory experiments were performed, but the 
experimental procedure for the reported data was essentially as follows. 
Upon completion of the electrodialysis, which usually required 6 to 10 
days, the exact concentration of the suspensions was determined by evap- 
orating a weighed sample to dryness. The stock suspensions were then 
stored in large Pyrex Erlenmeyer flasks. 


TABLETL. Typical data showing pH of water and clay suspensions in cell compartments 
after approximately 12-hour intervals of continuous electrodialysis 


H - pH of catholyte from cells pH of anolyte from cells pH of mid-compartment 
ours of containing containing sample from cells containing 
continuous 
electro 
Clay suspen. Clay suspen. Clay suspen. 
24 9.7 11.3 3.0 3.2 4.5 _ 
48 7.9 11.0 2.7 2.8 _ 3.5 
72 8.2 10.5 2.8 2.7 - — 
96 8.6 9.4 2.7 2.6 4.3 4.2 
120 -- 7.8 - 2.7 _ 3.8 
144 8.5 
168 8.1 3.8 


The titration and electrodeposition experiments were made on con- 
stant weight samples of 5 and 10 per cent suspensions. The calculated 
amount of the stock suspension was weighed into a clean, dry 250-ml. 
Erlenmeyer flask, and the desired volumes of standard alkali and water 
were added from 10- and 100-ml. burettes, respectively. The flask was 
then closed with a rubber stopper and shaken on a vibratory bottle shaker 
for 24 hours. Measurements of pH were made at the end of the shaking 
period. 

With fraction 1 these measurements indicated that the exchange reaction 
was not complete after 24 hours, and the shaking of this fraction was con- 
tinued until the total time was 33 hours. 

The entire sample was next poured into the electrolytic deposition 
vessel, and the clay was deposited. ‘The anode metal cylinder had been 
previously cleaned, rinsed in alcohol, oven-dried, and weighed. In most 
of the deposition experiments, an attempt was made to keep the depletion 
of the samples low and approximately constant. This was done by using 
relatively small currents, 10 to 90 ma. or 0.08 to 0.7 ma./em.?, and by 
varying either current or time or both factors to yield fairly constant 
weights of clay. In some experiments, the current density for a given 
current was varied by changing the exposed area by means of Bakelite 
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cement. The yields of clay per coulomb appeared independent of the 
current density, which agrees with the observations of Speil and Thompson 
(2). All experiments were run at room temperature—about 25°C. The 
low current and short time employed prevented any appreciable tempera- 
ture rise in the cell. 

After the deposition was finished, the depleted suspension was care- 
fully poured from the cell into a container for the respective fraction. The 
rubber stopper was removed from the anode vessel, and the cylinder with 
clay deposit was carefully dipped once in a large beaker of distilled water, 
allowed to drain for a few seconds, wiped dry on the outside with a cloth, 
oven-dried at 110°C. for 1} hours, and weighed. The clay deposit was 
fairly dry and adhered well to the metal cylinder except with the fine frae- 
tion 1, where the deposit was very moist and tended to run. In some cases, 


TABLE Il. Typical titration and electrodeposition data for 5 per cent suspensions 


of fraction 2* 
Cell no 0.1062 W acer Current Time ield o 
dry clay NaOH added deposition deposition clay dry clay 
me mil. g. ma. sec. g. g./coulomb 
1 0 0 84.3 4.0 4.1 10 100 0.857 0.857 
2 0.25 0.242 84.1 4.6 4.7 14 100 1.106 0.790 
7 0.50 0.483 83.8 5.0 §.1 16 100 1.075 0.630 
3 1.00 0.965 83.3 5.6 5.6 16 100 0.860 0.537 
5 4.00 3.86 80.4 6.4 6.4 27 100 0.526 0.195 
8 6.00 5.79 78.5 6.6 6.7 90 100 1.331 0.148 
7.00 6.76 77.5 6.8 - - - 
8.00 7.72 76.6 7.0 — 
9 9.00 8.69 75.6 7.2 8.0 70 200 1.055 0.0754 
4 10.00 9.65 74.6 8.4 9.4 90 200 | 1.186 0.0658 
11.00 10.62 73.7 9.9 9.7 - - —_ 
12.00 11.58 72.7 10.3 10.2 _— — — — 
13.00 12.54 71.8 10.6 
14.00 13.52 70.8 10.7 


* Each portion of suspension was prepared by adding the specified amounts of NaOH solution and H:O 
to 120.7-g. slip containing 8.49°), dry clay 


the depleted suspensions of the respective fractions were treated with a 
slight excess of sodium hydroxide and electrodialyzed for use in later 
experiments. 

Experiments as outlined were run on 5 and 10 per cent suspensions of 
fractions 2 and 3 and on a 5 per cent suspension of fraction 1. Data for 
a typical experiment are given in Table II. 

In titrated clay suspensions, the equivalent weight of the clay is usually 
not known, and it is the practice to express the result in terms of milli- 
equivalents of base per 100 grams of dry clay (me./100 g.). 

Precision of measurements—The pH measurements were reproducible 
within one-tenth of a pH unit. The g./coulomb value of dry clay, however, 
showed considerable deviation under similar experimental conditions. A 
total of 29 separate time experiments with groups of two to seven designed 
to give identical results were run. ‘Three of these deviated from the group 
average as much as 10 per cent and four as much as 5 per cent. The 
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average deviation was approximately 4 per cent, which is slightly more 
than the maximum error involved in measuring the milliamperes in cer- 
tain ranges. Such large deviations are probably explained by the fact 
that a small error in the amount of base, added near the isoelectric point 
where a’majority of the trial experiments were run, causes a very large 
difference in the amount of clay deposited per coulomb. The adjustment 
of current by means of manual manipulation of resistors also introduced 
some error. While it is probable that small changes in the clay concentra- 
tion do not markedly affect the g./coulomb values, the concentration 
decrement was not exactly constant for each of the deposition experiments 
that is, the weight of the clay deposit varied slightly for the runs of a given 
series. 


TABLE III. Titration and electrodeposition data for 5 per cent suspensions of 
fraction 2 


NaOH added per 


100 g. dry clay pH Current | Time 
! 

me. ma. | sec. g. g./coulomb 
0.00 4.0 10 100 0.86 0.86 
0.25 4.6 14 | 100 1.11 0.79 
0.50 5.0 | 16 100 1.08 0.68 

1.00 5.6 16 100 0.86 0.54 

2.00 6.1 30 100 1.14 0.38 

3.00 6.3 40 100 1.19 0.30 

4.00 6.4 27 100 0.53 0.20 

6.00 6.7 90 100 1.33 0.15 

8.00 7.0 - 

9.00 7.2 70 } 200 1.06 0.076 
10.00* 8.4 90 200 1.19 0.066 
11.00 9.9 - - 

12.00 10.3 
13.00 10.6 - 
14.00 10.7 
* End point 10 me. 
RESULTS 


Typical titration and electrodeposition data are shown for the 5 per 
cent suspensions of fractions 2 in Table Il. The relation between the pH 
values of the various suspensions and the base added in me. 100 g. of 
dry clay for the same fraction is shown graphically in Fig. 1. The titra- 
tion curves for all fractions were very sharp, as illustrated. The base in 
me./100 g. required for complete neutralization of fraction 3, containing 
the larger particles, was 60 per cent of that required for fraction 2, contain- 
ing the medium-size particles, and 44.5 per cent of thaé required for fraction 
1, containing the smaller particles, or 6, 10, and 13.5 me./100 g., respec- 
tively. 

The 5 per cent suspensions of fraction 3, which was the coarsest fraction, 
reached a higher pH than the 10 per cent suspensions at the same me./100 g. 
This would be expected from the lesser surface of the 5 per cent suspensions. 
For fraction 2, however, which was the intermediate fraction, the 5 and 
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10 per cent suspensions reached nearly the same pH. No comparison is 
available for fraction 1. 

The 10 per cent suspensions for fractions 2 and 3 gave higher yields 
than the 5 per cent suspensions at the same me./100 g. This would also 
be expected, because of the lower charge of the 10 per cent suspensions, 
which at least is indicated by lower pH for fraction 3 as mentioned above. 

This relation is in general agreement with the data of Speil (4) and with 
theory which would require that the milliequivalents of base be a linear 
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MILLIEQUIVALENTS OF BASE PER 100 GRAMS OF ORY CLAY 


Fic. 1. Comparison of titration curve of five per cent suspension of fraction 2 with 


NaOH and Ba(OH 


function of the surface area which in the case of a given weight of equal 
spherical particles is inversely proportional to the particle diameter. Here 
the relation would be more complex’ since the size distribution and exact 
shape of the particle would be involved. There was a slight discrepancy 
in the end point for the 5 and 10 per cent suspensions of fractions 2 and 3. 
The 5 per cent suspensions were prepared from the reelectrodialyzed 10 
per cent suspensions and apparently the exchange reactions were not 
brought to exactly the same degree of completion as before. 

In Fig. 1, titration curves for 5 per cent suspensions of fraction 2 with 
NaOH and BA(OH). are shown. A comparison of the titration curves 
with NaOH and KOH were also made. The barium and sodium hydroxide 
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curves, as illustrated, were in approximate agreement, while the potas- 
sium and sodium hydroxide curves were practically identical. These 
results indicate that the hydroxy] ion is the important ion in the titration 
of a clay-OH-H particle. This is consistent with the findings of Johnson 
and Norton (5) but is contrary to some other reports in the literature. 


| FRACTION -1 
3.2 5% SUSPENSION 
FRACTION - 2 
3.0 | © 5% SUSPENSION 
© 10% SUSPENSION 
FRACTION -3 
28 © 5% SUSPENSION 
4 @ 10% SUSPENSION 
26 me. (g/coulomb= 1.03 


GRAMS OF DRY CLAY PER COULOMB 


0.6 
N 
q | 
4 | 
0.2 


° ! 2 3 4 5 6 7 8 9 10 " 
MILLIEQUIVALENTS OF NaOH PER 100 GRAMS OF DRY CLAY 


Vic. 2. Relation between grams of clay deposited and milliequivalents of base 
added. 


The relation between the grams of dry clay deposited and the milli- 
equivalents of base added for the different concentrations of the various 
fractions are shown together in Fig. 2. The theoreticai equation: 


me.(g./coulomb) = 1.036 


which is derived in a later section is also presented for comparison. The 
satisfactoriness of the theoretical equation is satisfying. 

The effect of different anode metals upon the g./coulomb yield of clay 
is shown in Table IV. These data are of considerable interest because 
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they show that the yield of dry clay, for a relatively inactive anode metal 
like silver, is almost twice as large as that obtained when using more active 
metals such as zine, tin, lead, and copper. This might be interpreted to 
mean that the yield with a still more inactive metal like platinum would 
be even greater. This, however, is not true because the yield obtained with 
a platinum anode was about one-third of that obtained with a silver anode 
in a similar experiment. Considerable oxygen was evolved upon the plati- 
num. The data of these experiments upon effect of anode metal and 
those found in the literature are not complete enough to offer satisfactory 
explanations for the results obtained, and show the need of further studies, 
in which anode corrosion and oxygen overvoltage should be considered, 


TABLEIV. Data showing effect of anode metal upon electrodeposition of electrodialyzed 
clay, using 5 per cent suspensions of fraction 3 


Dry clay Dry clay 

Run no. Anode metal Current Time deposited deposited 

ma. sec. g. g./coulomb 
1 Ag 10 80 1.44 1.80 
2 Cu 10 80 0.96 1.20 
3 Pb 10 80 0.90 1.13 
4 Sn 10 80 0.97 1.21 
5 Zn 10 80 0.92 1.15 
6 Ag 10 100 1.85 1.85 
7 Cu 10 100 1.16 1.16 
8 Pb 10 100 1.02 1.02 
4 Sn 10 100 0.98 0.98 
10 Zn 10 100 1.09 1.09 


DISCUSSION 

Theoretical.—The clay micelle may be considered as consisting of a 
kaolinite particle with negative ions adsorbed on certain unsaturated spots 
of its surface, with a higher concentration of miscellaneous positive counter- 
ions extending into the liquid phase. The complete electrodialysis of such 
a suspension produces a micelle with hydroxyl and hydrogen as adsorbed 
ions and counter ions, respectively. The hydrogen and hydroxyl ions 
are apparently closely associated, giving a low net negative charge. The 
fact that the suspensions are slightly acidic indicates that the bond between 
these ions is weaker than the similar water bond. The neutral micelle of 
the monodispersed clay particle and its ionization may be represented by 
the general formula: 


Clay (OH), H, = + mH* (1) 
and the titration of the suspension by the stepwise equation 


Clay (OH),H, + OH- [Clay (OH), H,_.] 2 
Clay (OH),H,.1 + OH- = [Clay (OH),H,_.] ~~ + H.O 
Clay (OH),H,2 + OH- == [Clay (OH), H,_.] + H.O 


Clay (OH),H, + nOH- = [Clay (OH),]-" + ,H:O (2) 
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netal It is assumed that all particles are charged at the same rate and that the 
clive total electronic charge is distributed uniformly among the dispersed parti- 
ad to cles. The mechanism of the titration of a weak monobasic acid such as 
— acetic acid is shown by the equation: 
with 
node CH; COOH + OH- = (CH;,COO)- + H,O (3) 
gow One fundamental difference is observed between the two processes. 
Bc In the latter, the essential reaction besides the formation of water is the 
te ionization of the acetic acid, i.e., the unit charging of the acetate ion. In 
ne 1 the former, as the titration progresses there is a gradual increase in the 


charge of each micelle. The charge increases from a minimum value at the 
beginning of the titration to a maximum value at the neutralization point. 
lyzed This means that the Faraday equivalent of the clay is necessarily a variable 

ranging from a very large maximum value for the nearly neutral particle 
i obtained by electrodialysis to a much smaller minimum value for the com- 
ed pletely charged particle, [Clay (OH),|-". The Faraday equivalent of the 
acetate ion remains constant at 59.04 g. 

As there is but one point of inflection evident, the titration curves for 
the clay suspensions resemble those of weak monobasic acids rather than 
of weak polybasic acids. This condition is probably caused by the hy- 
droxyl-hydrogen bond at one point on the particle not being appreciably 
affected by the loss of a hydrogen ion at another point. 

Mathematical.—The approximate equivalent weight of an unknown weak 
monobasic acid or the corresponding anion can be calculated from the 
well-known Henderson-Hasselbalch equation, provided its titration curve 
is known. Accordingly, it should be possible to find by analogy a satis- 
factory correlation between the true Faraday equivalent of the clay and 
the me./100 g. of base added at any point in the titration. The term true 
Faraday equivalent is used because the experimental or apparent value 
: may fall short of the calculated value because of various electrodeposition 
of a phenomena and mechanical losses. 
pots The following simple mathematical correlation is developed from the 
nter- Henderson-Hasselbalch equation for weak monobasic acids: 


such ane 
= pK + log (4) 


ions (acid) : 

The 

seen The terms employed are defined as follows: 

le of pK = —log K, where K is the ionization constant of the acid or clay; 

1 by also, pk = pH at the mid point of the titration where the amount of 

, salt is equal to the amount of acid present. 

ME. = Milliequivalents of base required to neutralize 100 grams of 

(1) acid or clay. 

me. = Milliequivalents of base added to 100 giams of acid or clay 
at any stage of the neutralization. 

X = Faraday equivalent of clay or acid radical at the end point 
of the titration or when ME. milliequivalents of base per 100 
grams clay have been added. 

x = Faraday equivalent of clay or acid radical at any point when 

(2) me. milliequivalents of base per 100 grams have been added. 

For a weak monobasic acid x = X and is constant. 


mb 


pH = pK + log 
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By considering the concentration of the salt as that of the acid anion or 
the charged clay and to be proportional to the me. of base added, and the 
concentration of the unionized acid radical or uncharged clay to be pro- 
portional to (ME. — me.), equation (4) can be written in the form: 


(me.) 
(Me. — me.) 


As previously mentioned, in the titration of a clay suspension a standard 
portion of 100 g. dry clay is employed for reference calculations instead of 
the gram-equivalent weight, which is usually unknown. If the same system 
is employed with a weak acid to afford better comparison with clay, by 
definition the following relation holds at the end point: 


ME. LOO 


pH = pK + log (5) 


ME.(X) = 10° (6) 

10° 

ME. = — 

II X 


Substituting this value of ME. in (5), converting to the exponential form, 
and solving for X gives: 
(pH—pK) 
‘ 10"! 5 
A = 7 
X 1/me 1 (7) 
For acids, x =X = constant. 


1Q(eH—pk 
+ represents fractional neutrali- 


zation. For instance, at pH = pk, this term equals 0.5, ete. 

It is well-known that acetic acid conforms to the requirements of the 
Henderson-Hasselbalch equation, and since no new assumptions were 
introduced in the derivation of equation (7), the gram-equivalent weight of 
acetic acid or of acetate ion in this case, should be accurately calculated by 
the use of existing titration data. Such calculations were made using the 
data of Walpole cited by Clark (6) and are shown in Table V. The caleu- 
lated values of x agree fairly closely with the actual value of 59.04 for 
acetate ion except in the early stages of the neutralization, where the 
Henderson-Hasselbalch equation is less rigorous. In this treatment. it 
should be emphasized that only approximations are employed because 
application to the clay system is too complex for any advanced considera- 
tions, no corrections for dilution, ionic strength, ete., have been attempted. 

In order to apply equation (7) to the clay suspensions an additional 
assumption, mentioned early in this paper, is necessary. This requires 
that the charge on the clay micelle shall be directly proportional to the 
me./100 g. of base added up to the neutralization point. This is another 
way of stating as an approximation that the gram-equivalent weight of 
the clay at any point is inversely proportional to the me. of base added per 
100 g. clay or: 


In this equation, the term 


II 


X/x = me./ME., or X 


=. (8) 


| 
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Substituting this value of X in equation (7) and solving for x gives: 


ME. 


ane (me.)? 1 + 10@H-pK) 10 (9) 
This may be written in the form: 
ME. (pH—pK) 
me.(x) = it 10 (10) 


me, + 10 


TABLE V. Equivalent weight of acetate ion, (CH;COO)~, as calculated by equation 7 
from titration data in the literature (6) 


Acid neutralized NaOH added pH Equivalent weight* 
per cent me./100 g 
20 338.8 4.047 61.58 
40 677.5 4.454 59.35 
50 846.9 4.6261 59.04 
60 1016.3 4.802 59.03 
80 1355.0 5.227 59.00 
100 1693.8 8.000 59.01 


* Value from atomic weights is 59.04. 
t pK. 
¢t End point estimated by extrapolation of the titration curve. 


By converting equation (5) into the expoential form directly and solving 
for ee the reciprocal of the acid fraction titrated at any point, there 


e. 
is obtained: 

me. 
ME. — me. 
ME. _ 1+ 
me. 


= 


(11) 


. ME. . 
Substituting this value of aa in equation (10) yields: 


me.(x) = 10° = constant (12) 


Since (x) is equal to the grams of clay per 96,500 coulombs of electricity, 
by substitution we obtain the theoretical equation: 


me.(g./coulomb) = 1.036 (13) 


This hyperbolic relation should be valid as long as the titration charac- 
teristics of the clay suspensions with a strong base are similar to those of 
a weak monobasic acid, and can be compared with the relation of equation 
(6) for the end point of a weak acid. Based on the assumptions made, 
equation (12) indicates that a similar relation holds at any point of the 
neutralization of clay up to the end point. In equation (6) both factors 
at the left are constants, while in equation (13) both left factors are vari- 
ables. Accordingly, when the grams of clay per coulomb of electricity 
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are plotted against the base added in me./100 g. an equilateral hyperbola 
should be obtained. 

Comparison of data.—The ionization constants, which are of the same 
order of magnitude as the first ionization constant of carbonic acid (4.52 
10‘), (7) were obtained for the various clay suspensions from the respective 
titration curves and are shown in Table VI. The values of me.(x) eal- 
culated from equation (10) are given in Tables VII to XI inclusive. The 
equivalent weights calculated from equation (9) and (12) are also compared 
in the same tables. 


TABLE VI. Jonization constants of the electrodialyzed clay suspensions 


Fraction Concentration of clay by weight Ionization constant 
per cent 
l 5 4.47 X 1077 
2 5 3.16 X 107-7 
3 5 0.80 X 10- 
2 10 5.62 X 10-7 
10 3.16 X 10-7 


TABLE VIL. Data showing calculated values of me.(x)(10~*) and x(10~*) compared 
with Faraday equivalent obtained from electrodeposition for 5 per cent suspensions 
of fraction 3 


NaOH added | me.x(10-*) g./F 
per 100 g. pH (calculated from | (calculated from | (calculated from |,’ i 
dry clay, me. equation 10 equation 9) | equation 12) experimental 
0.0 4.5 3.2 
0.25 5.4 0.5 2.0 4.0 2.0 
0.50 5.9 0.7 1.4 2.0 1.4 
1.00 6.4 1.0 1.0 1.0 0.8 
2.00 7.0 1.3 0.7 0.5 0.55 
4.00 7.2 0.8 0.20 0.25 0.29 
5.00 7.4 0.8 0.16 0.20 0.19 
6.00* 8.6 1.0 0.17 0.17 0.14 
7.00 9.8 0.9 0.13 0.14 0.11 


* End point of titration = 6.0 me 


If the values at the beginning of the titration where the amount of base 
added is small are neglected, the calculated values of me.(x), shown in 
column 3 of the tables, are fairly constant and agree reasonably well with 
the theoretical value of 10°. The neglect of the suggested values is per- 
missible since the Henderson-Hasselbalch equation is not rigorous at this 
point. The agreement, otherwise, is as good as the accuracy of the pH 
measurements warrant, except in a few cases. This means that the titra- 
tion curves of electrodialyzed clay suspensions do resemble those of weak 
monobasic acids. 

While there is approximate agreement between the calculated and ex- 
perimental gram-equivalent weights for the suspensions of fraction 3 
shown respectively in columns 4, 5, and 6 of Tables VII and VIII, in most 
cases there is only rough agreement for the fractions 2 and 1, or the finer 


| 


er 


Vol. 95, No. 6 ELECTRODEPOSITION OF KAOLIN 341 


fractions, as shown in columns 4, 5, and 6 of Tables IX, X, and XI re- 
spectively. When the complexity of the problem and the simplicity of the 
ussumptions are considered, however, the agreement in all cases can be 
considered fairly good. The better agreement obtained with the sus- 


TABLE VIII. Data showing calculated values of me.(x2)(10~*) and x(10-*) compared 
with Faraday equivalent obtained from electrode position for 10 per cent suspensions 
of fraction 3 


NaOH added me.(x) (107% x (1075) x(10-° 
per 100 g. pH calculated from (calculated from (calculated from 5. F 10 
dry clay, me. equation 10 equation 9 equation 12) (experimental 
0.0 4.0 2.6 
1.00 5.8 1.2 1.2 1.0 1.3 
3.00 6.4 1.0 0.33 0.33 0.44 
5.00 6.8 0.9 0.18 0.20 
6.00 7.0 0.9 0.15 0.17 0.21 
7.00* 8.6 1.0 0.14 0.14 0.15 
8.00 9.8 0.9 0.11 0.13 
9.00 10.4 0.8 0.09 0.11 0.08 


* End point of titration = 7.0 me. 


TABLE IX. Data showing calculated values of me.(x)(10-°) and x(10-%) compared 
with Faraday equivalent obtained from electrodeposition for 5 per cent suspensions 
of fraction 2 


NaOH added | me. (x) (10%) x (10-8) x10) 
per 100 g. | pH (calculated from | (calculated from | (calculated from sapadlananias) 
dry clay, me. | equation 10) equation 9 equation 14) 
0.0 4.0 0.83 
0.25 4.6 0.5 2.0 4.0 0.76 
0.50 5.0 0.6 1.2 2.0 0.66 
1.00 5.6 1.1 1.1 1.0 0.52 
2.00 6.1 1.4 0.7 0.5 0.37 
3.00 6.3 1.3 0.43 0.33 0.29 
4.00 6.4 ‘3 0.28 0.25 0.19 
6.00 6.7 1.0 0.17 0.17 0.14 
7.00 6.8 0.95 0.14 0.14 
8.00 7.0 0.95 0.12 0.13 
9.00 7.2 0.93 0.10 0.11 0.073 
10.00* 8.4 1.0 0.10 0.10 0.064 
11.00 9.9 0.91 0.08 — — 
12.00 10.3 0.83 0.07 


* End point of titration,.= 10.0 me. 


pensions of fraction 3, is probably due to the fact that complete electro- 
dialysis and ionic exchange were more easily obtained with the larger 
particles. 

The gram-equivalent weights calculated from equation (12) and shown 
in column 5 of the tables are independent of experimental errors in the 
pH measurements including the pK values. In many cases, the gram- 
equivalent weights calculated from equation (12) are in closer agreement 
than those calculated from equation (10), with the experimental values 
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based upon electrodeposition and given in column 6 of the tables. This is 
particularly true with the suspensions of fraction 1, the finest fraction. 


TABLE X. Data showing calculated values of me.(x)(10-5) and x(10-5) compared 
with Faraday equivalent obtained from electrode position for 10 per cent suspensions 
of fraction 2 


NaOH added me. (x) (1075) x(10 x(1075 


per 100 g pH calculated from | (calculated from (calculated from | _,.8-/F, (10- 
dry clay, me equation 10 equation 9 equation 12) eEperaneaee 
0.0 3.9 1.9 
2.0 5.8 1.2 0.60 0.50 0.74 
) 6.0 1.1 0.37 0.33 0.51 
4.0 6.2 ! 0.28 0.25 0.34 
5.0 6.3 'a5 0.20 0.20 0.31 
0 6.4 0.91 0.15 0.17 0.28 
7.0 6.6 0.92 0.13 0.14 0.20 
8.0 6.9 0.95 9.12 0.13 0.17 
9.0" | 1.0 0.11 0.11 0.13 
10 9.2 0.93 0.093 0.10 0.09 


* End point of titration = 9.3 me 


TABLE XI. Data showing calculated values of me.(x)(10-*) and x(10-5) compared 
with Faraday equivalent obtained from electrodeposition for 5 per cent suspensions 
of fraction 1 


NaOH added me. (x) (1075) x(1075) x(1075) 


100 (ce g./F (10-5) 
0.0 3.6 0.70 
0.5 4.2 0.19 0.38 2.00 0.73 
1.0 4.6 0.24 0.24 1.00 0.71 
2.0 5.4 0.68 0.34 0.50 0.47 
3.0 5.8 0.99 0.33 0.33 0.35 
6.0 6.3 1.1 0.18 0.17 0.14 
10.0 6.9 1.1 0.11 0.10 0.07 
11.0 7.0 1.0 0.09 _ _ 
12.0 7.3 1.0 0.08 
13.0° 8.2 1.0 0.07 _ — 
14.0 9.1 0.96 0.07 — 
i5.0 10.1 0.90 0.06 


* End point of titration = 13.5 me. 


This investigation was discontinued due t@ the emergency of war work. 
Future experiments employing more refined experimental technique are 
desi. ..ole to test more rigorously, the validity of the concepts involved. 

SUMMARY AND CONCLUSIONS 

From these incomplete experimental data the following conclusions 
appear to be warranted: 

1. Further evidence was obtained that electrodialyzed kaolin reacts 
like a weak monobasic acid when titrated with a strong base. 
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2. Additional evidence was obtained that the yield of electrodialyzed 
kaolin, when titrated to various degrees with a strong base and then electro- 
deposited, follows approximately the hyperbolic relation: 


me.NaOH /100g. clay (g./F) = 10° 


The probable yield of clay (g./F) can be estimated from this expression, 
or from the titration curve at any corresponding point of the latter. 

3. A simple mathematical explanation of this relation is presented, 
based upon the Henderson-Hasselbalch equation for the pH during neutral- 
ization of a weak acid. 

$. Silver as anode metal was found to afford a higher yield of clay than 
copper, lead, tin, zinc, or platinum and was, therefore, employed in most 
of the work. This suggests the advantage of silver plating anode equip- 
ment for the electrophoresis of clay. At present, the yield for a given 
metal cannot be predicted. 

5. An improved form of cell was devised for electrodepositing clay to 
afford deposits which can be handled and weighed with minimum loss. 
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Editorial 
January 1949 


Choosing A Profession 


The young man is fortunate who can choose his profession easily and 
wisely. Some know from their earliest years what they want to do, but 
more often the choice of a profession is a haphazard affair made with little 
knowledge of the nature and requirements of the profession or of the specific 
talents of the individual. Many never really choose a profession but are 
led by economic conditions or chance acquaintance to undertake a given 
course of training. Oth -rs enter professional training lacking the requisite 
mental aptitudes. 

Intellectual capacity appears to be inherited. There is even evidence 
that quality of mind is dependent upon certain combinations of genes. 
For example, it has been shown that talent for musical performance has a 
hereditary basis. It is logical to suppose that creative ability, that essen- 
tial characteristic of scientific minds, is inborn although this is more difficult 
of genetic proof. In any case, these potential capacities require environ- 
mental stimulation if they are to be discovered and developed. It is here 
that professional men can be of assistance by presenting information on the 
nature, requirements, and opportunities in their professions. The medical, 
dental, and legal groups have local representatives in most communities 
who can stimulate and advise talented prospects for careers in these fields. 
In contrast, practitioners of the physical sciences and engineering are less 
often available to supply information concerning their fields. Conse- 
quently, young people are dependent for the most part upon their teachers 
in secondary schools and colleges for knowledge of these professions. It 4s 
in an effort to contribute information concerning the field of electrochengis- 
try that the Journal will begin next month a series of articles on the Pr6- 
fession of Electrochemistry by men distinguished in its various branches. 

Electrochemistry is a broad subject. On its scientific side, it is closely 
associated with physics and chemistry. Indeed the electrochemical sci- 
entist must be broadly trained in the whole field of the physical sciences 
and in mathematics. It is in engineering that electrochemistry as a pro- 
fession is well defined. Comprising a large segment of modern industry 
such as primary and secondary batteries, electronics, electrodeposition, 
and the electroprocess industries, electrochemistry offers a diversity of 
important engineering careers. Specific knowledge of these fields should 
assist young men in choosing a profession. 


R. M. B. 
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Philadelphia Promises Interesting Program 


The Electrochemical Society will re- 
turn to its birthplace for its Spring Con- 
vention on May 4, 5, 6, and 7, 1949. 
When the small group of interested scien- 
tists met in Philadelphia to organize the 
Society in 1902, their hopes and expecta- 
tions could hardly have visualized 
today’s organization of world-wide 
scope, with members from practically 
every country on the globe. 

The Convention Committee of the 
Philadelphia Section is preparing a well- 
rounded program with adequate pro- 
vision both for the scientific sessions and 
the social functions. The committee is 
composed of Ernest G. Enck, General 
Chairman, and the following subcom- 
mittee chairmen: Harry A. Alsentzer, 
Entertainment; Milton B. Barba, Plant 
Visits; Russell P. Heuer, Hotel Reserva- 
tions; John F. Gall, Meeting Accommo- 
dations; Edgar L. Eckfeldt, Registra- 
tion; Hiram 8. Lukens, Finance; Albert 
A. Ware, Publicity. Working with them 
are the officers of the Philadelphia Sec- 
tion: R. H. Cherry, Chairman; J. L. 
Crenshaw, Vice-Chairman; J. F. Hazel, 
Secretary; Arthur Osol, Treasurer. 

The Convention will be held in the 
Benjamin Franklin Hotel, 9th and Chest- 
nut Streets, Philadelphia, where the very 
successful Spring Meeting of 1937 was 
held. The Benjamin Franklin is located 
in the heart of the shopping and theat- 
rical district and is only a few blocks 
from Independence Hall, Carpenters 
Hall, the Betsy Ross House, Christ 
Church, and other historic buildings. 


Ladies’ Program 


A special feature of the May meeting 
will be the program for the ladies. En- 
tertainment Chairman Alsentzer has 
organized a ladies’ committee who will 
see that the convention wives are enter- 
tained in proper style while their hus- 
bands are attending the scientific ses- 
sions. Details of the program will be 
announced in succeeding issues of the 
JOURNAL, 


Scientific Program 


A very important feature of the pro- 
gram of the meeting will be the Sympo- 
sium on Theoretical Electrochemistry 
under the chairmanship of Professor 


George Glockler of the State University 
of Iowa. This symposium will include 
papers by such well-known authorities 
as Professor V. K. La Mer of Columbia 
University, Dr. H. A. Abramson of the 
College of P hysicians and Surgeons, Dr. 
Karl Soliner of the U. Public Health 
Service, Professor K. G. Stern of Brook- 
lyn Polytechnic Institute, Dr. J. L 
Oncley of Harvard Medical School, Dr. 
H. A. Laitinen of the University of Ili 
nois, Professor Glockler and Dr. J. W. 
Sausville of the State University of 
Iowa, and others. 

Abramson’s subject is ‘‘Applica- 
tions of Electrophoresis to Allergy.” 
Dr. Solmer will discuss ‘‘Some Recent 
Work on the Electrochemistry of Mem- 
branes.’”’ The title of the paper by Pro- 
fessor Glockler and Dr. Sausville will be 
“Electron Affinity of Carbon.” 

In view of the interest shown at the 
meeting in Columbus last Spring, the 
Electronics Division is planning to 
sponsor symposia on Rare Metals and 
Luminescence at the Philadelphia meet- 
ing. An encouraging number of papers 
have been received from outstanding 
scientists in the field of Electronics and 
the program promises to be an outstand- 
ing one. A list of some of the papers to 
be presented at these symposia will 
appear in a forthcoming issue of the 
JOURNAL. 


Round Table Discussion 


“Materials of Construction for Chlor- 
Alkali Plants’”’ is the subject of a round 
table discussion planned by the Indus- 
trial Eleetrolytie Division for the Con- 
vention. The subject will be ap- 
proached from two directions, i.e., (1) 
from the standpoint of requirements of 
various processes, and (2) from the 
standpoint of the properties of various 
processes. 

Chlor-alkali producers and equipment 
suppliers will have the opportunity of 
drawing upon the experience of many 
experts in the field for the discussion of 
their problems. 

Since time is short and the scope of the 
round table unlimited, it would be help- 
ful in the preparation of a rough outline 
to have suggestions or contributions of 
special interest communicated, in ad- 
vance of the meeting, to the Secretary of 
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the Division: M. 8. Kircher, Hooker 
Electrochemical Company, Niagara 
Falls, New York. 

The program for the Convention as 
planned by the Convention Committee, 
and the various Divisions which are 
sponsoring symposia promises to be a 
successful one. Electrochemical Society 
conventions are planned to offer a varied 
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and interesting program for all members 
and guests. A convention may offer 
much to the member, but the ultimate 
success of any meeting depends upon 
those who attend. It is hoped, there- 
fore, that members, and others interested 
in electrochemistry, will plan now to 
attend the Spring Meeting of the Society 
in Philadelphia. 


INDEPENDENCE HALL, PHILADELPHIA 
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Candidates for President 


Alfred L. Ferguson 


Alfred L. Ferguson has been a mem- 
ber of the Society since 1918, and is 
now senior Vice-President, having long 
been active in Society affairs. 

Dr. Ferguson was born on June 6, 1884, 
at Grass Lake, Michigan. He received 
his M.A. degree from the University of 
Michigan in 1909, and his Ph.D. degree in 
1915. For the past thirty-seven years he 
has taught at Michigan, where he is now 


Sherlock Swann, Jr. 


Sherlock Swann, Jr., became a member 
of the Society in 1928. He was a Man- 
ager from 1934 to 1940, Vice-President 
from 1941 to 1943, and Manager again 
from 1943 to 1946. In addition, he was 
Secretary-Treasurer of the Electro-Or- 
ganic Division, 1940-42; Vice-Chairman, 
1942-44; and Chairman 1944-46. 

Dr. Swann has been on many commit- 
tees of the Society, and has been a repre- 


Aurrep L. Ferauson 


Professor of Chemistry. Twenty-one 
men have received the Ph.D. degree in 
Electrochemistry under his supervision. 

His principal fields of research are 
polarization and overvoltage, and elec- 
troplating; his total publications on 
these and related subjeets now total fifty- 
nine. 

Dr. Ferguson belongs to several pro- 
fessional and learned societies, including 
Alpha Chi Sigma, Phi Lambda Upsilon, 
Gamma Alpha, Sigma Ni, the American 
Chemical Society, andthe American Elee- 
troplaters’ Society. He has recently 
been appointed to direct two research 
projects for the latter organization, 
one on Adhesion of Electrodeposits, the 
other on Polarization and Overvoltage. 


SHERLOCK SWANN, JR. 


sentative of the Chicago Section. At 
present, he represents the Electro-Or- 
ganic Division on the Publication Com- 
mittee, and is a member of the Ways and 
Means Committee. 

Dr. Swann was born in Baltimore, 
Maryland, on September 30, 1900. He 
received his B.S. degree from Princeton 
University in 1922, and his Ph.D. degree 
in organic chemistry from Johns Hopkins 
University in 1926. 

He became a member of the Division of 
Chemical Engineering, Engineering Ex- 
periment Station, University of Illinois, 
in 1927, and has been Research Professor 
of Chemical Engineering since 1941. His 
principal research is in the field of 
electro-organie chemistry. 
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Candidates for Vice-President 


Erwin F. Lowry 


Erwin F. Lowry joined Sylvania in 
February, 1940, and for the past five 
years has been Manager of Fluorescent 
Engineering. 

Dr. Lowry took his undergraduate 
work and Masters degrees in Chemistry 
at Ohio Wesleyan University and his 
Ph.D. in Physics at Ohio State where he 
was instructor in Physics. 

Since leaving Ohio State, he has been 


J. C. Warner 


J. C. Warner became a member of the 
Society in 1922 and has served as Chair- 
man of the Publication Cornmittee, the 
Weston Fellowship Committee, and the 
Roeber Research Fund Committee. 

Born in Goshen, Indiana, May 28, 1897, 
he attended Indiana University where he 
received the degrees A.B. in 1919, M.A. 
in 1921, and Ph.D. in 1923. After varied 
industrial and teaching experience, he 
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Erwin F. Lowry 


engaged in industrial research, primarily 
in electronics. He has obtained some 
thirty U.S. Patents and is the author of 
about 14 technical articles on various 
electronic subjects, particularly oxide 
coated cathodes and problems connected 
with fluorescent lamps. He was respon- 
sible for the adoption of nickel as a fila- 
mentary material for radio tube use and 
is the inventor of Konal—the first of the 
filament alloys so widely used at the 
present time. 

He has been a member of The Electro- 
chemical Society since 1945 and is at 
present Secretary-Treasurer of the Elec- 
tronies Division. He is also Vice-Chair- 
man of the Light Source Committee of 
the Illuminating Engineering Society. 


J. C. WARNER 


joined the faculty of Carnegie Institute 
of Technology in 1926, becoming Profes- 
sor and Head of the Department of 
Chemistry in 1938. From 1939 to 1943, 
he worked on the investigation of the cor- 
rosion problems at the Panama Canal, 
and as a supervisor of research on syn- 
thetic rubber. From 1943 to 1945 he was 
granted leave by Carnegie to serve on the 
Manhattan Project. Returning to Car- 
negie, he held his former position and 
was made Dean of Graduate Studies. 

Dr. Warner is a member of many tech- 
nical and honorary sccieties, serves as 
Chairman of several important scientific 
committees, has written and contributed 
to technical books, and is consultant 
to the Argonne National Laboratory. 
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Candidates for Secretary and Treasurer 


Henry B. Linford 
Candidate for Secretary 


Henry B. Linford was born in Logan, 
Utah, on April 23, 1911. He received 
his B.S. degree from Utah State Col- 
lege in 1931, his M.S. degree from State 
College of Washington in 1933, and 
his Ph.D. at Washington in 1936. In 
1936-37, he did additional graduate 
research at Columbia as a Weston 
Fellow of The Electrochemical Society. 


E. Gideon Widell 
Candidate for Treasurer 


I}. Gideon Widell at present serves the 
Society as Chairman of the Electronics 
Division and as a member of the Board of 
Directors. He has been active in Society 
affairs since he joined in 19380. 

Born in St. Paul, Minnesota, July 


21, 1890, he attended the University of 
Minnesota receiving the B.S. degree in 
1917. 


He served in the first world war 


Henry B. LiInrorp 


Dr. Linford became a research chemist 
at the American Smelting and Refining 
Company in Perth Amboy, N. J., in 
1937. In 1941 he was appointed instruc- 
tor in chemical engineering at Columbia 
University and was made an assistant 
professor in that department in 1946. 

He is a member of the American Chem- 
ical Society, the American Electroplat- 
ers’ Society, and holds an associate 
membership in the American Institute of 
Chemical Engineers. In addition, he is 
a member of Sigma Xi, Phi Lambda 
Upsilon, and Alpha Chi Sigma. 

Dr. Linford has been a member of The 
Electrochemical Society since 1936 and 
at present is Chairman of the Electro- 
deposition Division. 


E. Gipgeon WIDELL 


Chemical Warfare Service for two years 
following, and then received an M.S. 
degree in 1921 from Massachusetts Insti- 
tute of Technology. 

Mr. Widell joined the research staff 
of the Westinghouse Lamp Division and 
became one of the first to work on the 
modern version of the oxide-coated elee- 
tron.emitter which is used in most radio 
receiving tubes at the present time. 

In 1930, Mr. Widell became a member 
of the research staff of the Radio Cor- 
poration of America, Victor Division, 
Harrison, New Jersey, where he has con- 
tinued his chemical and physieal re- 
searches in electronics. He has been 
granted many United States and foreign 
patents on electronic discharge devices. 
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H-VW-M Opens New Laboratory 


The formal opening of the new Hanson- 
Van Winkle-Munning electrochemical 
laboratory at Matawan, N. J., was cele- 
brated November 17th. In observance 
of the occasion, representatives of the 
press, technical societies, and prominent 
individuals in publie life were invited 
from all parts of the country to take part 
in the opening-day program which con- 
sisted of company-conducted inspection 
tours of the new building, the dedica- 
tion, and a reception on the premises. 

The H-VW-M laboratory, with its more 
than 15,000 square feet of floor space, is 
one of the finest structures specifies ally 
designed and erected for the sole purpose 
of carrying on experimental and service 
work in the electroplating and polishing 
field. It contains the most advanced 
facilities available for research and 
development in the industry and for 
helping individual companies in the 
industry to solve their everyday prob- 
lems. 

Heart of the new three-story labora- 
tory is the plating room on the first floor. 
Equipment installed here includes com- 
plete apparatus for experimental and 
sample cleaning, pickling, plating, and 
anodizing. Here will be conducted most 
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of the final tests from which will come 
conerete recommendations and contri- 
butions to the industry. Forty-two 
feet wide and sixty-three long, the plat- 
ing room is the culmination of m: uny 
years of intensive planning. The equip- 
ment includes virtually every known 
device for scientific operation of electro- 
plating solutions. Efficiency, advanced 
instrument control, comfort and safety 
of technicians, accessibility of services 
and, most important of all, sufficient 
flexibility in the arrangement of appa- 
ratus, to permit alterations to meet 
changing needs, were major considera- 
tions in the set-up. 

The floor is covered with acid-proof 
bricks which are pitched in various direc- 
tions to the drainage troughs under each 
line of tanks. Silicon-iron waste lines 
sarry drainage to an outside treatment 
plant. Overhead, vapor-proof fluores- 
cent fixtures provide uniform lighting 
for night work, while continuous window 
areas on two sides combine with highly 
reflective walls and ceilings to eliminate 
the need for artificial light during normal 
daylight hours. 

A complete air change can be made in 
the plating room every 1} minutes, if 


View oF THE New Hanson-VAN E- Mv NNING COMPANY, 
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desired, through ducts that provide 
cooled air in the summer and warmed air 
in the winter. Air to replace that drawn 
out is furnished through a louvered 
duct from the outside. Three exhaust 
blowers and one intake fan keep the room 
under slight pressure, thus keeping out 
dust and preventing contamination of 
plating solutions. Current is supplied 
by two d.c. motor generator sets, one 
with a 1500 ampere capacity at 6-12 volts 
and the other a 500 ampere, 40 volt unit. 
Portable low-voltage rectifiers are avail- 
able for auxiliary d.c. current. 

A large analytical laboratory on the 
second floor is used primarily for custo- 
mers service, involving the analysis of 
plating solutions and investigating diffi- 
culties encountered in the application of 
electrodeposits. The research labora- 
tory is devoted to the investigation of 
new products and processes and funda- 
mental studies of problems related to 
metal finishing. Both departments are 
equipped with double fume hoods with 
built-in, flush-mounted, six kilowatt hot 
plates, Diggin Electroplating Control 
Tables, and provisions for replacing air 
withdrawn by hoods with forced, filtered, 
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fresh air. Additional rooms on the floor 
house a metallographic laboratory, dark 
room, balance room, and offices. 

In the right wing of the second floor is 
a laboratory for investigating, develop- 
ing, and testing polishing and buffing 
compounds and materials. <A feature of 
this laboratory is a custom-built, pre- 
cision buffing machine used for exact 
valuation of buffing and coloring compo- 
sitions, as well as for basic research. 

An interecommunication system closely 
links the laboratory’s 33 rooms. 

H-VW-M officials expressed the double 
hope that everybody in the industry 
would visit the new laboratory and that 
companies in the industry would use the 
facilities as a pilot plant to determine 
correct solutions and _ cycles before 
changing over to new types of plating 
jobs. Since several technical societies 
have already scheduled their 1949 con- 
ferences in the new building, a good part 
of this wish seems well on its way to ful- 
fillment. 

The MHanson-Van Winkle-Munning 
Company has been a Sustaining Member 
of The Electrochemical Society since 
1941. 
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Section News 


Chicago Section 


The meeting of the Chicago Section, 
held at the Chicago Engineers’ Club on 
November 5th, opened with a report 
from the Section’s representatives, Dr. 
Sherlock Swann, Jr. and Mr. O. W. 
Storey, to the Leecal Section Advisory 
Committee meeting held in New York 
on October 13th. 

Clifford A. Hampel, Vice-Chairman 
wf the Chicago Section and General 
Chairman of the committee handling the 
preparations for the National Conven 
tion in Chicago, October 12-15, 1949, 
reported on the progress being made to 
set up committees for the convention. 
He stressed the need for the support of 
the whole Chicago Section and suggested 
those who had a preference should com 
municate with him. The committees 
are: Finance, Registration, Meeting 
Arrangements, Entertainment, and 
Plant Trips. 

The headline event of the evening was 
a talk entitled, ‘““Molecular Radar’’ pre- 
sented by Dr. George Glockler, Head of 
the Department of Chemistry and Chem- 
wal Engineering at the State University 
of Iowa. Following a brief theoretical 
review of the spectroscopic methods 
presently used in studies of molecular 
structure, Dr. Glockler described a 
method being advanced at Lowa. 

The development of radar during the 
last war has opened a new approach in 
the study of molecular structure which 
is being rapidly exploited. Radar 
waves, 0.8-1.4 em., excite the molecules 
into rotation. The rotational energy 
about the different axes is determined 
from the spectrograph. Using known 
values of atomic mass and the probable 
structure, the intramolecular angles and 
distances may be derived. Molecules 
particularly susceptible to this form of 
analysis are those having the tetragonal 
configuration, i.e., methane. 

The relative values obtained by this 
means are very accurate and check well 
with those of other methods. One of the 
chief advantages is that the spectro- 
graph is almost purely rotational. An 
obvious disadvantage is the complexity 
of the radar generating equipment. 
This problem has been handled nicely at 
the University of lowa on a cooperative 
basis by the Chemistry Department 
which prepares the samples for analysis 
and the Physics Department which keeps 
the apparatus in trim. 
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Although the theoretical discussion 
was apart from the ordinary experience 
of a large proportion of the audience, the 
lucid explanations and dynamic demon- 
strations of the speaker held the atten- 
tion of the audience throughout. 

The talk was followed by a brisk dis- 
cussion of the commercial aspects and 
applications of radar in this field. Dr. 
Glockler handled a difficult subject in 
an interesting and refreshing manner. 

1. D. DouGtas, Secretary 


Detroit Section 


The Detroit Section met at the Shera 
ton Hotel on October 22nd and was 
addressed by Dr. Alfred L. Ferguson, 
Head of the Department of Chemistry, 
University of Michigan, and Vice-Presi 
dent of The Electrochemical Society. 
Dr. Ferguson’s interesting subject was 
entitled ‘Polarization and Overvolt- 
age,”’ the presentation including a dis 
cussion of definitions, basic concepts, 
methods and errors of measurement, the 
influence of determining factors and some 
electrochemical operations which 
overvoltage plays an important part. 

Dr. Ferguson stressed the facet that 
polarization is the inevitable conse 
quence of all electrochemical reactions, 
regardless of whether they take place in 
a voltaic cell or in an electrolytic cell. 
The Daniell cell was used to illustrate 
the meaning of the fundamental con- 
cepts ‘‘solution pressure,’”’ ‘‘osmotic 
pressure,’ and “electrode potential.” 
Dr. Ferguson defined polarization as 
“any change from the equilibrium poten- 
tial of an electrode in a given solution due 
to the passage of current through the 
system.’’ This potential may become 
greater or less. If, in a given case, it 
becomes greater, Dr. Ferguson refers to 
it as ‘‘positive polarization”’; if it be- 
comes less, he terms it ‘‘negative polari- 
zation.” 

Two types of polarization were distin- 
guished, viz. (1) that due to changes in 
ion concentration in the electrolyte, and 
(2) that due to gas formation at the elee- 
trodes. 

Dr. Ferguson emphasized the impor- 
tance of polarization and overvoltage 
studies as a guide to the understanding 
of electrode phenomena. He then listed 
a numer of the unsolved problems in this 
field and discussed fifteen suggested 
mechanisms for the transformation of 
ionic hydrogen in solution into bubbles 
of hydrogen gas. 

Several methods for measuring polari- 
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zation and overvoltage were described. 
These included (1) two methods em- 
ployed by the speaker and his associates 
in which reference electrodes are located 
in back of the anode and cathode, (2) the 
customary method which involves locat- 
ing the reference electrodes in front of 
the anode and cathode, and (3) the Har- 
ing Cell method. Dr. Ferguson plans a 
comparative study of these methods. 

The speaker concluded his talk with 
a well-illustrated discussion of the vari- 
ous factors which influence polarization 
and overvoltage and the nature of this 
influence. 

The Detroit Section held its next meet- 
ing on November 19th at the Sheraton 
Hotel and was addressed by Mr. R. L. 
Ledford of the Hanson-Van Winkle- 
Munning Corporation. His subject was 
“Nickel Deposits in Electroforming.” 
In his discussion, Mr. Ledford dwelt on 
the methods of making electrolyses, with 
particular emphasis on ¢ ‘ontrol and com- 
position of nickel in obt: ining satis 
factory nickel deposits. 

The program for future meetings of the 
Detroit Section is as follows: 

January 21--8:00 P.M. 
Subject: Some Electrochemical 
Aspe ets of Neurophysiology 
Speaker: Dr. Robert Gesill, Depart- 
ment of Physiology, University of 
Michigan 
February 18—8:00 P.M. 


Subject: To be announced 
Speaker: Dr. D. T. Ewing, Michigan 
State 
March 18—8:00 P.M. 
Subject: To be announced 
Speaker: Dr. Paul Winters, Research 


Laboratories, General Motors Cor- 


port ition 


April 15—8:00 P.M. 

To be announced 
May 20-—8:00 P.M. 

To be announced 

M. L. Bary, Secretary-Treasurer 
Midland Section 

The Midland Section held a dinner 
meeting at Le Chateau in Bay City, 
Michigan, on November 3rd. H. is. 


Houser, of the Dow Chemical Company, 
re ported to the Section at this time on 
the National Society Meeting at New 
York. 

Following Mr. Houser’s talk, the mem- 
bers discussed National Society affairs 
briefly, and suggestions were made for 
the operation of local sections, including 
membership drives, by-laws, ‘ete. Pro- 
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gram committees for 1949-50 were set up 
and the program for the present season, 
including speaking tours and plant trips, 
was considered. 

The meeting was well attended and 
enjoyed by all 

F. W. Koerker, Secretary-Treasurer 


New York Metropolitan Section 


A fall dinner meeting was held by the 
New York Metropolitan Section at the 
Holley Hotel in New York on November 
10th. The technical meeting followed 
the social gathering; Mr. Donal F. 
McCarthy, former Examiner at the U.S. 
Patent Office was the speaker and chose 
as his subject, ‘Some Observations Re- 


lating to Patents and Scientific Re- 
search.”’ 
Mr. MeCarthy was unusually well 


qualified to discuss this subject as he is 
a graduate in chemical engineering as 
well as a patent attorney, and had been 
associated with many situations in which 
both talents were in demand. He is a 
Westerner by birth, and graduated from 
the University of Washington with a 
degree in chemical engineering, working 
in the Anaconda smelter in his spare 
time. Later he studied patent law at 


Georgetown University and became an 
Examiner at the U. 8. Patent Office in 
Washington. He subsequently joined 


the firm of Pennie, Edmond, Morton and 
Barrows and was a partner for many 
years prior to his leaving in 1947 to en- 
gage in independent practice. 

. S. Mackay, Secretary-Treasurer 


Philadelphia Section 


The first meeting of the 1948-49 year 


of the Philadelphia Section was held 
November 3rd, in the Harrison Labora- 
tory, University of Pennsylvania. A 


dinner at the Lenape Club in honor of 
the speaker, Professor N. H. Furman, 
preceded the meeting. Forty-seven 
members and guests attended the dinner, 
and about 75 attended the technical 
meeting. 

Dr. Furman addressed the Section on 
“Trends in the Development of Elec- 
trical Methods of Analysis,’’ covering 
recent developments in potentiometry, 
electrodeposition, and _ polarogr: uphy. 
An illustration was given of the detection 
of impurities in uranium and its com- 
pounds by a combination of electrolysis 
and polarography. Application of polar- 


ography to the study of anthraquinone 
and its derivatives was outlined and a 
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comparison was made of the polarog- 
raphie measurements with the oxidation- 
reduction potentials of these ¢ ompounds. 

Dr. Furman, Professor of Chemistry 
at Prineeton University, is also a con- 
sultant to the U.S. Atomie Energy Com- 
mission. He recently was honored as the 
first recipient of the Fisher award in 
Analytical Chemistry. 

J. F. Hazen, Secretary 


Personals 


JAMES H. CONOLLY recently joined 
the Chicago staff of Graham, Crowley & 
Associates, Inc. Mr. Conolly was for- 
merly with the Newton Falls Division of 
the Standard Steel Spring Company as 
electroplating and industrial waste dis- 
posal cngineer. Mr. Conolly’s new 
duties will involve research in the field 
of electrochemistry. 


ROBERT 8S. DALRYMPLE has ae- 
cepted a position as corrosion chemist 
for the Permanente Metals Corporation, 
Division of Metallurgical Research, 
Spokane, Washington. Mr. Dalrymple’s 
work will be in the field of corrosion with 
regard to aluminum: He was formerly 
at Battelle Memorial Institute, Colum- 
bus, Ohio. 


VASANT MADHAYV DOKRAS has been 
appointed Deputy Director of Technical 
Education by the Government of the 
Central Provinces, Nagpur, India. Dr. 
Dokras had recently spent four years in 
the graduate school at Columbia Uni- 
versity. 


BERNARD A. GRUBER has joined the 
staff of the Battelle Memorial Institute 
at Columbus, Ohio. Mr. Gruber was 
formerly with the Harshaw Chemical 
Company, Cleveland, Ohio. 


CHARLES L. MANTELL, consulting 
chemical engineer, has been appointed 
Chairman of the Department of Indus- 
trial Chemical Enginee .. at Newark 
College of Engineering, Newark, New 
Jersey. 


CHARLES H. POINTER, has obtained 
a leave of absence from the School of 
Chemistry, Metallurgy, and Ceramics 
at the University of Alabama and re- 
turned to — duty in'the Navy. He 
is stationed at the Naval Air Station, 
Pensacola, Florida, and is attached tothe 
production division of the overhaul and 
repair department. 
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ALBERT B. SAMPLE recently resigned 
as head of the research analytical section 
of Smith, Kline & French Laboratories 
in Philadelphia, and is now employed as 
biochemist by the Laboratory of Clinical 
Pathology and the John 8. Sharpe Re- 
search Foundation of the Bryn Mawr 
Hospital, Bryn Mawr, Pennsylvania. 


Hugh J. McDonald Now at Loyola 


Dr. Hugh J. McDonald was recently 
appointed Professor of Physical C hem- 
istry and Chairman of the Department 
of Chemistry, Loyola University, School 
of Medicine, Chicago, Illinois. Until 
recently, he was Professor of Chemistry 
and Director of the Corrosion Labora- 
tory at Illinois Institute of Technology, 
Chicago. 

Dr. MeDonald joined the staff at 
Illinois Tech in 1939, and founded the 
Corrosion Research Laboratory in 1944. 
He has served as Vice-Chairman of the 
Corrosion Division of the Society, as 
Secretary-Treasurer of the American 
Coordinating Committee on Corrosion, 
and as first Chairman of the University 
Conference on Corrosion and Metal Pro- 
tection. He is currently serving as a 
member of the Board of Directors of the 
National Association of Corrosion Engi- 
neers, as editor of the Theoretical Section 
of the magazine Corrosion and Material 
Protection, and as a consultant to the 
Argonne National Laboratory. 


Frank Savage Vice-Pres. at Graham, 
Crowley 


Frank K. Savage has recently been 
elected Vice-President of Graham, 
Crowley & Associates, Ine. Previous 
to joining the Chicago research and 
development group of this firm, Mr. 
Savage had been engaged in the deve slop- 
ment of eleetroforming processes with 
C. G. Conn, Ltd., Elkhart, Indiana. 
There Mr. Savage was, successively, 
chemist, chief chemist, and general 
superintendent. Later he became super- 
intendent of the Metals Division of 
Keuhne Manufacturing Company, Mat- 
toon, Illinois, and after that Vice-Presi- 
dent of the Standard Plating Rack 
Company, Chicago. 

Mr. Savage will direct company efforts 
in connection with consultation, re- 
search, and development in the electro- 
plating field in the middle west area to 
augment corresponding operations of 
the company in the eastern area with 
headquarters at Jenkintown, Pa. 
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New Members 


At the meeting of the Executive Com- 
mittee held on November 4, 1948, at the 
office of The Electrochemical Society, 
Inc., 235 West 102nd St., New York City, 
the following were elected to member- 


ship: 
THOMAS 8. BLAIR, mailing add.: The 
Iron Age, 100 E. 42 Street, New York 


17, New York (Electrodeposition) 

STEVEN H. BROWN, Enthone, Ine., 
mailing add.: 442 Elm Street, New 
Haven, Connecticut (Corrosion, Elee- 
trodeposition, Electronics, Eleetro- 
Organic, Theoretical! Electrochem- 
istry) 

ALVIN A. CADWALLADER, Phila- 
delphia Nickel Cadmium «& Storage 
Battery Company, mailing add.: 7210 
Gillespie Street, Philadelphia 35, Penn- 
sylvania (Battery, Electrodeposition, 
Electronics) 

JOHN G. DEAN, International Nickel 
Company, Inc., 67 Wall Street, New 
York 5, New York (Battery) 

PHILIP H. DELANO, E. J. Lavino & 
Company, mailing add.: P. O. Box 29, 
Norristown, Pennsylvania (Battery, 
Electrodeposition ) 


ASHFORD B. FRY, The Dow Chemical 
Company, Magnesium Laboratories, 


52 Building, Midland, Michigan (Bat 


tery, Corrosion, Electrodeposition) 
NATHAN FRANK HELPER, States 
Batteries, Inc., mailing add.: 1 Arkan- 


sas Street, California 
(Battery) 

WILLIAM P. INNES, G. M 
Laboratory Division, 
20114 Goulburn, 
(Theoretical 


San Francisco, 


. Research 

mailing add.: 

Detroit 5, Michigan 

Electrochemistry, Or- 
ganic Electrochemistry, Batteries, 
Corrosion, Alkali and Chlorine, Elec- 
trodeposition, Electrothermics, Elec- 
tronics, Dielectrics, Power) 

J. C. LANGFORD, Dominion 
Chemical Company, Ltd., 
add.: 2240 Sun Life Building, 
real, Quebee, ¢ 
trolytic) 

LAWRENCE M. LITZ, Philadelphia 
Nickel Cadmium Battery Company, 
mailing add.: 7204 Gillespie Street, 
Philadelphia 35, Pennsylvania (Bat- 
tery, Electrodeposition, Theoretical 
Electrochemistry ) 


THOMAS ARTHUR REILLY, National 


Alkali & 
mailing 

Mont- 
‘anada (Industrial Elee- 


Carbon Company, mailing add.: 13608 
Gainsboro, East Cleveland, Ohio ( Bat- 
tery, Corrosion) 

PIERRE VAN RYSSELBERGHE, mail- 


ing add.: Department of Che mistry, 
Oregon 


University of Oregon, Eugene, 
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(Corrosion, Theoretical Electrochum- 


istry) 
IRVING 8. YOUNG, U. S. Electric 
Manufacturing Corporation, mailing 


add.: 1130 Anderson 
York 52, New York 


Avenue, New 


(Battery) 


New Sustaining Member 


The National Battery Company, 
Gould Industrial Division, in Depew, 
New York, has recently become a Sus- 


taining Member of the Society. Such 
generous support as provided by this 
organization is appreciated by the Soci- 
ety and, in particular, the Battery Divi- 
sion. 

Two other battery firms, the Willard 
Storage Battery Company of Cleveland, 
Ohio, and the Electric Storage Battery 
Company of Philadelphia, Pennsy! 
vania, became Sustaining Members of 
the Society last Spring. 

A complete list of the Society’s Sus- 
taining Membership may be found on the 
back cover of this issue of the JouRNAL. 


Meetings of Other 
Organizations 


American Society of 
lating Engineers, 
Ste phe ns Hotel, 
ary 24-2 

American “Institute of Electrical Engi- 
neers, winter general meeting, Hotel 
Statler, New York City, January 31- 
February 3 

Edison Pioneers, 32nd annual luncheon 
and 3lst annual meeting, place to be 
announced, February 11. 

Essex Electrical League, fifth electrical 
exposition, Mosque Theatre Building, 
Newark, N.J., March 8-11. 

Third International Lighting Exposition 
and Conference, Hotel Stephens, Chi- 
cago, Ill., week of March 28. 

19th Annual Safety Convention and 
Exposition, Hotel Statler, New York 
City, March 29-April 1. 

American Gas Association, 
Motor Vehicle, 


Heating & Venti- 
55th annual meeting, 
Chieago, Ul., Janu- 


Distribution, 
and Corrosion Confer- 


ence, Netherland P laza Hotel, Cin- 
cinnati, Ohio, April 4-6. 
National Electrical Wholesalers Asso- 


ciation, 4ist annual convention, 


Netherland Plaza Hotel, Cincinnati, 
Ohio, May 1-6. 
American Gas Association Production 


Hotel New 
May 23-25. 

Associa- 
Drake Hotel, 


and Chemical Conference, 
Yorker, New York City, 
Gas 
tion, annual 


Chicago, Ill., 


Appliance Manufacturers 
meeting, 
May 25-27. 
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Book Reviews 


LITERATURE SEARCH ON Dry Ceti TEcH- 
NOLOGY, WITH SPECIAL REFERENCE TO 
MANGANESE DioxtpE AND MetTHops 
FOR Irs SYNTHESIS by Marjorie Bolen 
and B. H. Weil. Published as Special 
teport No. 27 by State Engineering 
Experiment Station, Georgia Institute 
of Technology, Atlanta, Georgia, 1948. 
vili + 700 pages, $5.00 (U.S.A.), $5.50 
(foreign countries). 


This work which is a_ bibliography 
with abstracts, will be of interest to all 
those whose work deals with dry cell 
research, development, or manufacture. 
The authors are Mrs. Marjorie Bolen, 
Research Assistant, and Mr. B. H. Weil, 
Chief of the Technical Information Divi- 
sion, Georgia Institute of Technology. 
The search was sponsored by the Battery 
Branch, Signal Corps Engineering Lab- 
oratories, Fort Monmouth, New Jersey, 
under a contract with the Institute. 
The preparation and publication of this 
exhaustive work is a real contribution to 
the general dissemination of knowledge 
in this field. 

Mr. Weil, in his preface, describes the 
scope of the search as constituting an 
indexed, expanded bibliography of the 
pertinent literature dealing with (1) dry 
cell technology, (2) manganese ore de- 
posits throughout the world, and (3) 
methods of treating such ores for the 
preparation of depolarizing compounds, 
with particular attention to electrolytic 
processes for the production of mangan- 
ese dioxide. Actually, the coverage is 
far wider, and includes much basic re- 
search information in addition to tech- 
nology. It also covers a great many 
related fields, such as references to 
studies of primary cells other than the 
Leclaneché type. 

The book is divided into three main 
parts. The first consists of more than 
1400 abstracts of technical papers. The 
second gives abstracts of 733 foreign 
patents and nearly T1600 U. 8. patents. 
The final portion, 160 pages, is an index 
by subject matter of the material in the 
first two sections. 

It appears to this reviewer that this 
bibliography is of the exhaustive rather 
than the eritical type and will of neces- 
sity contain many references to work of 
little present value. However, a critical 
survey of the literature, if it is to be com- 
plete, must always be preceded by an 
all-inclusive one. For this reason, the 
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present work should lighten immeasur- 
ably the burden of anyone engaged in a 
literature search of any field included 
within its scope. 

The entries, except¥forfpatents, are 
listed alphabetically by authors. It 
would have been preferable, in this re- 
viewer’s opinion, had they been arranged 
by year of publication as this would 
facilitate the extension of existing bibli- 
ographies. gj However, this is a minor 
point, considering the general usefulness 
of this book. The authors are to be com- 
plimented on the thoroughness with 
which they have listed their source mate- 
rial and the subject headings under which 
searches were made, 

The basic source for the technical 
literature appears to have been Chemical 
Abstracts trom 1907-1947. Additional 
sources were Engineering Index, Indus- 
trial Arts Index, British Abstracts, and 
Chemisches Zentralblatt. The Bibliog- 
raphy of Scientific and Industrial Reports 
provided abstracts of government-issued 
reports on foreign technology prepared 
by teams sent to Germany, etc., to learn 
of wartime advances abroad. 

Only one who has done extensive bibli- 
ographical work can appreciate the tre- 
mendous amount of painstaking effort 
required in the preparation of a book 
such as this and it is to be hoped that it 
will be used as widely as it appears to 
deserve. 

U. B. Tuomas 


PROCEEDINGS OF THE TutRD INTERNA- 
TIONAL ELECTRODEPOSITION CONFER- 
ENCE (Held in London, England on 
September 17 to 21, 1947, under the 
auspices of the Electrodepositors’ 
Technical Society) Published by the 
Electrodepositors’ Technical Society, 
27 Islington High Street, London N.1, 
England, 1948. 219 pages, Price (to 
non-members) £ 2-10-0. 


This publication contains the twenty- 
four papers which were presented at the 
Conference and the discussion stimulated 
by them. An exhibition held in conjunc- 
tion with the Conference is described 
briefly. Representation from Europe, 
North and South America, India, Egypt, 
and Australia made this a truly interna- 
tional affair. The First International 
Conference was held in London in 1937 
and the Second in New York in 1939, 
under the auspices of the American Elec- 
troplaters’ Society. 

The scope of the Third International 
Conference is indicated by the subjects 
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discussed, viz. (1) the electrolytic pol 
ishing of metals, (2) miscellaneous pro 
cesses and reports, (3) electrodeposition 
processes, and (4) the structure of elec 
trodeposits. The subject matter pre 
sented is of interest to theoretical and 
practical man alike. 

Jacquet, credited with the dis- 
covery of electrolytic polishing, pre 
sented the first paper on this subject. Of 
particular interest is a bibliography of 
161 references which accompanies this 
article. 

In the symposium on miscellaneous 
processes, the plating practices of a 
number of countries were described 
The chemical treatment of zine surfaces 
was also discussed. Electrodeposition 
processes which were considered included 
those tor depositing silver, copper, chro 
mium, cadmium, heavy nickel, tungsten 
alloys, and alloys from sulfamate baths 
The group of papers on the structure of 
electrode posits is worthy of spec ‘ial com 
ment. No one interested in this field 

ean afford to neglect it. Contributors to 
this group included R. Piontelli, A. T 
Steer, U. R. Evans, J. J. Dale, lr. Baner 
jee, and G. Gardam, 

The Kleetrodepositors Technical So 
ciety and the American Eleetropl iters’ 
Society ire to be congratulated lor pro 
moting these highly successful confer 
ences. They serve a very useful purpose 
and certainly should be continued. 


H. 


From the Publishers 


CuemicaAL Process PRINCIPLES, Com 


bined Volume, by Olaf A. Hougen 
and Kenneth M. Watson. Published 
by John Wiley & Sons, Inc., New York, 
1948. 1155 pages, $12.50. 

\ comprehensive volume, this book 


offers a thorough treatment of (1) Ma- 
terial and Energy Balances, (2) The 
modynamies, and (3) Kineties and Catal- 
ysis. The preface states: ‘‘The present 
book continues to give intensive quanti 
tative training in the practical applica 
tions of the prince ipl 8 al phy sical chem 
istry to the solution of complicated 
industrial problems and in methods of 
predicting missing physiochemical data 
from generalized principles.” 


VacuUM MANIPULATION OF VOLATILI 
Compounns by R. T. Sanderson. Pub- 
lished by John Wiley & Sons, Ine 
New York, 1948. 162 pages, $3.00. 
This book, which is the first to describe 

the fundamental methods and apparatus 
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involved in chemical high vacuum tech- 
nique, makes it possible for anyone with 
an average scientific background to 
study volatile chemical compounds con 
veniently and accurately. Although the 
book is intended primarily for scientists 
unfamiliar with the high vacuum tech 
nique, it will also be valuable to ex- 
perienced users as a reference. 


Employment Situations 


lease address replies to box shown, ¢ 
The Eleetrochemical Society, Ine., 235 


W. 102nd St., New York, 25, N. Y. 


Positions Available 


NGINEER, 
ind laboratory 
problems ol 


CORROSION for pilot plant 
research on corrosion 

chemical and petroleum 
Advanced education or sev- 
eral years equiv ilent experience desir- 
tble in chemical engineering, physical 
metallury Location Cal 
ifornia. Reply to Box A-206. 

Recenr GrRapuare, Chemical Engi- 
neer or Metallurgist, for supervised re- 
search and development for electrolytic 
metals refining Training in elee- 
trochemistry and general knowledge of 
ionferrous metallurgy essential. Sub- 
mit resume and salary requirements. 
Reply to Box A-207. 


processes 


and corrosion. 


pliant. 


Positions Wanted 


Pu.D. in Chemical Engi- 

position in research. 
industrial experience, three 
years naval officer experience. Age 28, 
married, one child. Middle Atlantic 
stutes location preferred. Reply lo Box 


(FRADUATING 
necring desires 


Two years 


Cu.k. with eighteen 
i experience in many 
trodeposition, clectroform- 
etal finishing, etching, and related 
fields. Plant layout, installation de- 
velopment, research. Wide consulting 


yeurs extensive 


phases of elee 


background. Several outstanding de- 
velopments in bright metal and alloy 
gold plating. Reply to Box 327. 
PowpeR MeTraLLuRGIsT, graduate 
chemical engineer, 35, married, 13 years 


diversified « research, de- 

velopment, production in impregnated 
diamond tools, synthetic sapphire, ce- 
mented carbides, iron powder metal- 
lurgy, responsible position with 
progressive organization, preferably in 
diamond tool or in high temperature 
metal-ceramie field. 


rperienee nm 


desires 


Reply to Box 328. 
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Letters to the Editor 


What Size Shall We Be? 


Dear Sir: 

Dr. Burns’s recent editorial, “On 
Being the Right Size,’’ (August, 1948) 
was most clever and fitting. I think we 
should go a step farther and use its 
qualitative message to work out a quan- 
titative answer specifically for the needs 
of The Electrochemical Society. Just 
what would be the right “‘size’’ for our 
group? 

Size, as I see it, should be defined not 
by mere number of the membership. 
It should embrace scope as well as qual- 
ity of subjects covered and of the mem- 
bership. Once these are set, the numer- 
ical optimum of membership may be 
determined more easily. A scientific So- 
ciety with, say, 3000 first rate members 
would have far greater distinction than 
one with, say, 6000 of mixed background. 
The present appears to be an opportune 
time to take stock of past achievements 
and potentialities for the future. 

While not too familiar with the other 
Divisions of the Society, I find that there 
is considerable improvement, in a ‘‘mis- 
sionary’’ way, possible for the Electron- 
ics Division. By expanding it very con- 
siderably in both size and scope it would 
help to develop The Electrochemical 
Society to the point of broad physico- 
chemical pone nee and diversity once 
occupied by the German Bunsen Gesell- 
schaft and still enjoyed by the British 
Faraday Society. This would imply 
widening our field of interests to include 
more of theoretical and applied physi- 
cal chemistry, instead of just electro- 
chemistry and a few selected subjects of 
electronics. It would, of course, be in 
the direction of greater emphasis on 
science and the scientific foundation of 
practical applic ations (as against prac- 
tical usage). 

At the moment tiie is no American 
Society carrying out this job with whole 
devotion although, I believe, a need for 
it exists. The American Chemical So- 
ciety has changed the orientation, even 
the name, of the Journal of Physical 
Chemistry toward predominance of col- 
chemistry. T'he Journal of Chemical 
Physics, an affiliate of the American In- 
stitute of Physies, is interested in the 
physico-mathematical approach to phy- 


sical chemistry. Many papers dealing 
with general physico-chemical subjects 
are scattered elsewhere. Unfortunately, 
there are many physical chemists w ho 
do not consider their work of first class 
unless it be published by a journal of 
physical denomination. I believe this 
is based on an unfounded feeling of in- 
feriority and could be remedied. 

It has also been argued that much of 
the physico-chemical work is of greater 
interest to the physicist than to the 
chemist and for this reason should be 
discussed before a physical forum. Ido 
not share this opinion. I believe physi- 
cal chemistry is a strong enough science 
in its own right to stand unsupported. 
However, it requires broad and earnest 
enough backing by a first rate society 
and journal. A competent and aggres- 
sive effort in this direction should be 
generally welcomed and will earn greater 
prominence and distinction for the So- 
ciety, a healthy growth for present and 
future divisions, and a wider circulation 
of its JOURNAL. 

H. C, 
Cleveland, Ohio 


Ideas and Atoms 


Dear Sir: 

Your humble servant has four ideas, 
the last 4 of his 47 fundamental ideas 
which he knows will lead science, astron- 
omy, nuclear physics, physics, engineer- 
ing, and mathematics to a New Vista and 
which when fully developed by Scientists 
will lead to a revolutionary New Order. 
He craves the privilege of presenting 
these ideas to you in an appearance and 
lecture. In the Cincinnati Post of 
November 8th it says ‘‘No one knows 
what makes the atom nucleus hold to- 
gether.”’ I know and will divulge this 
in this lecture and give the answer to 
what the real atomic forces are. 

Joun A. WarreRSON 
Cincinnati, Ohio 


Clarification 


Jack DeMent of Portland, Oregon, 
writes that he was not given an oppor- 
tunity to see beforehand the item con- 
cerning him which appeared in ‘‘Look’”’ 
magazine and which was reprinted in the 
July issue of the JournaL.—Eb. 
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So You Want Your Paper Published 
C. L. Faust* 


You’ve finished a commendable job of 
research or have in mind a fine discussion 
of timely interest that you want to write 
up and see in published form. Because 
your subject is in its field of interest, you 
desire publication by The Electroc shemi- 
ral Society. 

Before you put your manuscript in 
final form, read ‘‘The Instructions to 
Authors of Papers,’”’ which is given on 
page 38N of the March issue of the 
JOURNAL. Recall that the Society re- 
quires the metric equivalent to be ex- 
pressed for all units stated in English 
system. Prepare your charts, figures, 
and drawings with such density of line 
and lettering that they can be reduced to 
fit a 6 x 9 page without loss in clarity and 
legibility. Should you not be familiar 
with the proper size of the original, 
consult your local printer or write to the 
Secretary’s office for a sheet of ‘‘Instruc- 
tions to Authors.” It shows a sample 
drawing for guidance. Also, put your 
references in complete form, using the 
official abbreviations for journals as 
adopted by Chemical Abstracts. These 
are ‘simple requirements for uniformity 
in the bound Transactions, in which 
many of the articles in the JOURNAL will 
subsequently appear. Negligence in 
these simple matters is very obvious in 
many recent manuscripts submitted to 
the Society. Delays result in getting 
manuscripts approved for acceptance. 

For further guidance in preparing your 
paper, read O. W. Storey’s feature on 
‘Reviewing of Papers” in the February, 
1948, issue of the JourRNAL. Mr. Storey 
describes the reviewing procedure and 
states the six questions each reviewer is 
asked to answer in regard to the manu- 
script. Here are the six questions: 
Does the paper cover new material 
or a representation of old subject of 
timely interest? 

Does the manuscript require re- 

writing or careful editing? Par- 

ticularize if pesible. 

3. Can the subject matter be con- 
densed to advantage, and if so, 
which parts? 

4. Are there any inaccuracies of state- 


to 


* Member of the Society’s Publication Commit- 


ment which may be called to the 
author’s attention before the paper 
is printed? 

5. Is there any other phase of this sub- 
ject which should be included? 

6. Do you recommend the paper for 
publication? 


Ask yourself whether your paper can pass 


C. L. Faust 


on each count. If you think it does, 
send it in. If you are doubtful about a 
point, revise the doubtful issue before 
mailing in the manuscript. 

When you refer to the work of others, 
do not read only the abstract if it is at all 
yossible to refer to the original article. 
This valuable admonition was suggested 
by Dr. U. R. Evans of England in a 
recent ‘‘Letter to the Editor’? (June, 
1948, issue of the JouRNAL). 

The Publication Committee is anxious 
to have all papers in such form as to re- 
flect credit on both the Society and the 
Authors. It exists to help, not to rule. 
Yet, it primarily must uphold the 
‘“‘quality”’ standards as much as possible 
and reject, or submit for revision, all 
manuscripts that are poorly written, 
contain inaccuracies of statement, and 
have important omissions. A decision 
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on quality is reached only after the paper 
has been reviewed by three or more 
experts in the field of technical interest 
in the paper. 

Authors should not and cannot expect 
a poorly written manuscript to be 
accepted for publication. The recent 
canvass of the members, the results of 
which were reported in the February 
issue of the JouRNAL, revealed a justi- 
fiable pride in the generally high quality 
of the papers published by the Society. 
Through the volunteer efforts of the 
Publication Committee, a sincere effort is 
being put forth to maintain that position 
and even to improve it if possible. It is 
truly gratifying that most authors show a 
splendid spirit of cooperation in working 
with the Publication Committee in put- 
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ting their manuscripts in the best form. 
This task of Author, Committee, and 
Editor will be greatly simplified if each 
author will use care and at asanen in pre- 
senting his paper in concise form. Re- 
grettably, there is now and then a manu- 
script which shows clear evidence of 
haste, at the sacrifice of clarity in presen- 
tation and accuracy in statement. Each 
author should try to be as critical of his 
own paper as if he were in the position of 
a reviewer. 

A carelessly written manuscript brings 
only extra work to everyone and no 
credit to anyone, so make yours a thing 
of pride and of as high professional 
quality as you can. It will then go 
through the reviewing cycle with the 
greatest of case. 


A Chemist Views the Atomic Energy Problem* 
F. H. Spedding** 


The invention and use of the atomic 
bomb had such a dramatie effeet on the 
war that it sharply focused world atten- 
tion on the fact that science had har- 
nessed a new form of energy for the use 
of mankind. It is obvious from past 
history that such a discovery will have 
profound effects on the development of 
our future civilization. To realize this, 
one has only to recall the great changes 
in civilization which followed the har- 
nessing of fire, gunpowder, steam, elec- 
tricity, and the chemical explosions of 
the internal combustion engine. 

The harnessing of fire brought us out 
of the state of savagery; gunpowder and 
similar explosives, such as dynamite, 
overturned the feudal system, revolu- 
tionized warfare and the peacetime prac- 
tices of mining and building construe- 
tion. The harnessing of steam brought 
about the industrial revolution and made 
the economy of the slave state obsolete. 
The discovery of electricity literally 
took us out of the dark ages, annihilated 
space by giving us almost instant com- 
munication with any part of the world, 
and resulted in the thousands of inven- 
tions which are so essential to our mod- 
ern civilized state. To mention only a 
few, one might enumerate the electric 
motor, the dynamo, the radio, photo- 


* Speech delivered at the convention luncheon of 
The Electrochemical Society, New York City, Octo- 
ber 15, 1948. 

** Director, Ames Laboratory and Institute for 
Atomic Research, Iowa State College, Ames, Iowa. 


F. H. Speppine 


electric cell, telephore, television, and 
radar. The invention of the internal 
combustion engine made possible the 
automobile and the airplane. The rapid 
transportation of people to any part of 
= world has made isolationism obso- 
ete. 

The period of incubation between the 
time of the discovery of each of these 
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forees and the time when mankind has 
harnessed it for useful application to 
everyday living has rapidly diminished 
as our civilization became better or- 
ganized, so that while the development 
of the harnessing of fire took place over 
thousands of years, the harnessing of 
atomic power should be expected to take 
place in a few decades. 

All of the natural forees which man- 
kind has harnessed have been applied to 
destructive uses and have profoundly 
influenced warfare. The far-reaching 
peacetime effects, as well as to some ex- 
tent the wartime applications, have 
resulted in making certain types of 
civilizations obsolete, such as our tribal 
societies, our city states, and our small 
principalities. I believe, however, all 
will agree that this destructive use of 
these forces is minor in its ultimate im- 
pact on civilization compared to the 
effect of the peacetime developments 
which took place in an orderly manner 
over a period of time. I feel, therefore, 
that it is unfortunate that the first ap- 
plication of atomie energy to enter the 
average man’s consciousness is a destruc- 
tive application, since I am convinced 
that here, also, peacetime applications 
will, in the long run, so far outstrip the 
destructive applications that the latter 
will be minor. 

I also feel that it is unfortunate that 
the average man, due to the great de- 
struetiveness of the atomic bomb, has 
come to look upon atomic energy as a 
mysterious thing, a sort of black magic 
beyond his comprehension. Actually 
atomic energy is no more difficult for the 
average man to comprehend than is the 
electric motor, the steam engine, or the 
automobile. I feel that he can get a 
very excellent idea of what atomic en- 
ergy is, and how it may be applied to cer- 
tain problems, without having to know 
all the intricate and complicated details 
which are difficult to grasp. The aver- 
age man doesn’t understand all the prin- 
ciples of how an automobile operates nor 
could he build one, but he does have a 
general idea of how it works and he does 
not feel that there is anything very mys- 
terious about it. I think his general 
reaction is that the machine is compli- 
cated but that he could master it if he 
wished to devote the time to study the 
details. He does not feel this is neces- 
sary, however, to take advantage of the 
benefits which he ean obtain by owning 
and using an automobile. In a_ few 
years I believe the average man will feel 
the same way about atomic energy. 
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The great fundamental discoveries 
which led to the harnessing of electric- 
ity occurred about the beginning of the 
nineteenth century and during the next 
fifty years this fundamental knowledge 
was expanded and developed so that elec- 
tricity became a very powerful tool in 
many lines of research, but it was not 
until the latter part of that century that 
widespread industrial uses began to be 
evident, and it was not until this century 
that electricity really came into its own. 

In the case of atomic energy this time- 
element will be greatly shortened, but 
it cannot be completely eliminated since 
even in our highly industrialized era it 
takes time to develop applications and 
to make the new discoveries necessary 
to make such applications. I expect 
that for the next twenty years the prin 
cipal use of atomic energy, except for the 
bomb, will be in the fields of research 
where it will be used as a very powerful 
tool which will stimulate many other 
lines of inquiry and, by an indireet 
method, help to develop many new in- 
dustries. I do not look for the general 
industrial applications, such as its use 
for power, to occur generally before 
twenty years have passed. 

It is true that during this period we 
may develop some nuclear engines for 
experimental or military purposes, but 
power obtained in this way will be ex 
pensive and will have to be subsidized. 
It will probably be half a century before 
atomie energy really comes into its own 
and is put to work on a seale compar- 
able with electricity as it is used at the 
present time. 

The early pioneers in the field of elec 
tricity almost certainly had no concep- 
tion of the many uses to which we have 
put this force at the present time. It 
is true they could envision it as a re 
search tool and perhaps could dimly per 
eeive it as a source of light, heat, and 
power, but [am sure that no one of them 
could coneeive the discoveries which 
have now been made such as the tele- 
phone, television, radio, photoelectric 
cells, and such. So it is today with 
atomie energy. We ean visualize the 
use of atomic energy as a research tool, 
as a source of power, and in a number of 
other applications, but I am convineed 
that the really great applications which 
it is bound to bring about have not yet 
been envisioned. 

Today I am going to try to point out 
to you some of the developments which 
I think will ensue in the next few years, 
particularly as they apply to chemists, 
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put I want to emphasize that this is just 
one chemist’s look into the crystal ball 
and I ean assure you that looking into 
the future is a much mor difficult task 
than reviewing the past. Unfortunately 
the invention of the atomic bomb has 
put the subject of atomie energy into 
world polities so that this branch of 
science has had to be cloaked with a 
certain amount of sccreey and this makes 
it difficult to give to you today the type 
of information which T am sure you 
would all like to get. 

I have given a good deal of thought to 
the subjeet of ‘Tust what is our atomic 
secret?”’. You all know. of course, it is 
not a formula which ean be adily 
purloined by a secret agent to be turned 
over to an enemy. Actually, almost all 
the fundamental principles and basie 
knowledge whieh is needed to understand 
the operation of an atomie bomb or an 
atomic power engine was known be fore 
the war by scientists of all nations and 
had been published in the scientifie 
journals of these nations and is, there 
fore, available to anyone who has suffi 
cient scientific background to pursue the 
subject and who cares to tuke the time 
to do so. Therefore, the real sec ret of 
how to produce an atomie bomb or an in 
dustrial power plant lies in the extensiv: 
scientific and industrial know how which 
our scientists and engineers possess as 
part of their heritage and educ ition. 

The real seeret is not in hou the bomb 
or power plant operates, but in how to 
carry these operations out on a large 
scale so as to make them effective. 
Every boy who has had high school 
physics knows the principles of the elee 
tric generator but this is 4 long way from 
being able to manufacture a 50,000 kilo- 
Watt generator such as is used at Niagara 
Falls. Here the real seeret is in the 
technical know-how of how to produce 
this generator and this secret is spread 
among many individuals in many pro 
fessions such as min rs, metallurgists 
electrical engineers, chemists. physicists, 
ete., and no single man. he wished, 
could give away the entire seeret. So it 
is, to a much greater extent, with the 
so-called secret of the atomic bomb. 

You all know that new scientific dis- 
coveries or inventions are not the results 
of “flashes of genius’’ where the dis- 
covery or invention springs full-grown 
from a void, but are almost invariably 
the results of methodically building upon 
and extending the work of others and 
that the real brilliance occurs .when a 
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scientist or engineer perceives a new 
way to extend or twist the data so as to 
get the results desired. This process is 
greatly accelerated when the men work- 
ing on the problems ean get the benefits 
of talking over their work with other 
people interested in these fields and the 
best ideas frequently result from the 
clash of ideas on ideas. 

The compartmentizing of scientific 
knowledge tends to sterilize science be- 
cause it tends to cut down the eross- 
fertilization of ideas which is necessary 
to its healthy growth and, therefore, I 
think this country is in serious danger, 
from the national safety angle alone, of 
losing its lead in the scientific world due 
to the emotional approach to the ques- 
tion of secreey which is so prevalent in 
certain quarters of our society. I am 
convineed that if we were certain that 
the next war was more than 25 years 
away, by far the smartest move that 
could be made in the interest of our 
national safety would be to make all 
information concerning atomie work 
completely free. I am sure that if the 
Germans had had complete details of 
our airplanes and cannons of 1917 in the 
beginning of World War II that they 
would not have been of much use. T 
feel confident that our scientists and 
engincers, if unhampered, ean keep well 
ahead of those of any other nation. 

On the other hand, in the present world 
situation we cannot be sure that the next 
War 78 25 years away, so it is necessary 
for our national safety that we do retain 
certain atomic seerets until an inter- 
national order is set up which ean police 
the world. There is no question in my 
mind that military matters, the design 
of weapons, and the design of larger scale 
production plants should be kept secret 
until a workable international control 
scheme has been put into effect, but what 
should be made publie should be left to 
the scientific and technical people and 
not be determined as the result of emo- 
tional ignorance. 

feel that we are in real danger of los- 
ing our world leadership in science and 
engineering if so much secrecy is placed 
upon these subjects as to seriously ham- 
per our future progress in these fields, 
and this hindrance can result just as 
much from an indirect pressure as from 
a direct one. For example, if scientists 
and engineers are frightened into re- 
maining silent about those phases of the 
subjects which are not real secrets—by 
witch hunts or by public pressure stem- 
ming from ignorance—then these phases 
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will lag and, in the long run, this will do 
serious harm to our country. 

The Atomic Energy Commissioners 
have taken an enlightened position in 
regard to this subject, but are frequently 
hampered in their efforts to do w hat they 
consider would be best for our national 
long-range safety, by well-intentioned 
but ill-informed political and public 
groups. Anything you ean do to educate 
these groups would greatly strengthen 
the hands of the Commission in this 
direction. 

I. unfortunately, do not know the in- 
dividual scientific background of the 
people gathered here today. Some of 
you, I am sure, know as much or more 
about the subject of atomic energy as 
do. However, I am sure there are a 
number of people here whose interests 
have been in other directions and who 
know very little about the subject, so if 
some of the things I say sound too ele 
mentary to the members of the first 
group, I hope they will bear with me 
while I paint in the background which 
those in the second group will need if 
they are to understand the subject. 
Due to the restrictions of secrecy I will 
have to be rather general in my talk and 
paint a rather sketchy picture, confin 
ing myself to information which has al 
ready been declassified or which could 
be deduced by any expert in the field 
from information already published in 
the world literature. I am sure that 
much more detailed information can be 
made available to you in those phases in 
which you are particularly interested, if 
you will make inquiries through the 
office of the Atomie Energy Commission. 

The basic principles involved in the 
release of atomic energy are extremely 
simple. If we wish to release atomic 
energy either in a bomb or an atomic 
power reactor, we set up a chain reaction. 
This essentially means that we start a 
reaction going where each time an atom 
reacts it gives off products which cause 
more atoms to react, and they in turn 
cause still others to react until the re 
action builds up to whatever size is de- 
sired. Fortunately for the world, it is 
extremely probable that the ordinary 
materials which go to make up the earth 
are the ashes of former atomic reactions, 
so that the probability of getting an un 
controlled atomic reaction going in the 
world is practically negligible. How- 
ever, just as it is possible in combing 
the ashes of a previous fire to rake out a 
few coals or clinkers and start a new fire, 
so it is possible to rake out a few special 
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atoms and by collecting them to get an 
atomic chain reaction going. 

Ordinary uranium as found in nature 
consists of mixtures of various isotopes 
of uranium. These are atoms which 
behave alike chemically but whose nuclei 
are constructed differently and, there- 
fore, have different weights. One of 
these isotopes, U has the property 
that if a neutron comes close to the nu- 
cleus it captures the neutron and forms 
uranium isotope U23, This isotope or 
atom is unstable and in a very short time, 
in the order of millionths of a second, 
will explode or fission into two atoms of 
intermediate atomic weight such as 
barium and krypton and give off two or 
more neutrons. These neutrons if they 
go close to other U2 nuclei will cause 
them in turn to explode so that we see 
that, if we gather together U** atoms, 
it is possible to get a chain reaction 
goinginthem. Therefore, if we separate 
out the pure 235 isotopes of uranium we 
have the necessary raw material for an 
atomic bomb. 

The principle involved here follows the 
same rules that you have in the breed 
ing of rabbits. The first generation of 
rabbits produces many offspring and 
they, in turn, produce more rabbits and 
if the rabbits are tended carefully so that 
they do not die off, you can build up to 
a biological On the other 
hand, if you have hawks to eat the rab 
bits or if you keep the rabbits separated 
from each other, then you will destroy 
the chain and the breeding of rabbits 
dies out. So it is with the atomic re- 
actions. Most atoms capture neutrons 
or act as hawks and remeve the neutrons 
from the chain reaction. 

When an ordinary atom captures a 
neutron it usually produces a radio 
active substance but it does not fission. 
Some of the atoms, such as cadmium and 
boron, are very efficient in capturing 
neutrons so they act as poisons in a chain 
reaction and very small amounts of them 
tend to the reaction. Therefore, 
in producing raw materials for a chain 
reaction it is necessary that these ma 
terials be absent and the raw materials 
have to be especially pure in regard to 
these clements. On the other hand, 
these same elements, if put in rods whieh 
can be pulled in or out of the reacting 
material at will, make fine control mech 
anisms for controlling the atomic re- 
action, for it is by this means that it is 
possible to control the number of atoms 
reacting in each generation so that a 
given reactor can maintain a constant 
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rate of production of power, or increase 
or decrease it at will. 

The 238 isotope of uranium also cap- 
tures neutrons but the resultant nuclei 
do not fission but rather become radio- 
active and slowly decay by radioactive 
process to new chemical atoms such as 
plutonium. The plutonium in turn can 
fission but the rate-controlling step is the 
rate of production of a a 239 
through U*®, and therefore uranium 

238 in a chain reaction acts as a poison 
until it becomes plutonium. For this 
reason, pure natural uranium metal 
cannot sustain a chain reaction under 
ordinary conditions. 

In a moment I shall point out that 
under very special conditions not likely 
to occur in nature, a chain reaction can 
be made to take place with normal uran- 
ium, but I ean reassure you that the 
probability of any of our natural de- 
posits of uranium becoming chain re- 
actors is insignificant. 

We see, therefore, that all that is 
necessary to snuff a chain reaction is to 
have less neutrons acting with U?* in 
the second generation than react with 
them in the first generation. I pointed 
out a moment ago that this could be 
brought about by having other atoms 
present which tend to capture them. It 
can also be brought about by having the 
geometry of the surrounding mass such 
that a large percentage of the neutrons 
escape from the neighborhood of the 
U* atoms. Thus if you take a thin 
sheet of U2® uranium metal so many of 
the neutrons will escape out either side 
that there will not be enough remaining 
with the uranium to build up the chain. 
The metal in this form is then said to 
be sub-eritical. However, if I wad the 
sheet up into a ball, the number escaping 
to the number being captured will be a 
function of the diameter of the ball and 
when the ball reaches a certain size it is 
said to become critical and in all masses 
of uranium 235 above these dimensions 
an explosion will ensue. 

Therefore, you see that the mechan- 
ism of setting off an atomic bomb is ex- 
tremely simple. You have two sub- 
critical masses of uranium 235 which 
when kept apart are perfectly stable like 
ordinary uranium and will not explode. 
However, if you bring them together the 
inass becomes critical and it takes off. 

This may sound as if I have given you 
the secret of the atomic bomb, but such 
is not the case because under ordinary 
circumstances as the reaction takes off 
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it heats up the metal, vaporizes it, and 
blows itself out so that as far as an 
atomic explosion is concerned the re- 
sult is g fizzle, even though it may be 
very unhealthy for anyone in the im- 
mediate neighborhood. How to make 
one of these reactions take off with full 
force is one of our secrets. 

The power-pile is equally simple in its 
naive conception. It is found that if 
you take a pile of graphite and interlace 
it at certain intervals with rods of uran- 
ium metal that it is possible to get a 
chain reaction going, providing the 
materials are pure enough and the pile is 
big enough. The uranium 235 atoms are 
embedded in the metallic uranium and 
if they are spread throughout the graph- 
ite pile at the right distances more 
U*®» atoms will capture neutrons in the 
second generation than the first and a 
chain reaction is set up. The neutrons 
that are given off by the U2 come off 
with very high energy which the U2 
atoms do not capture readily. The 
graphite which is called the moderator 
acts as a means of slowing them down 
so that they can be captured. Heavy 
water can also do this as can other sub- 
stances. 

In order to control the piles, control 
rods are placed within the pile. These 
might be strips of cadmium metal or 
solutions of boron and by controlling, 
from the outside, how much cadmium or 
boron is in the pile, it is easily possible to 
control the operation of the pile to any 
energy desired—say one watt, one kilo- 
watt, or a million kilowatts, or at what- 
ever energy you have nerve enough to 
run the pile. It should be recalled, 
however, that unless you remove the 
heat as fast or faster than it is formed, 
it will build up to a thermal explosion. 
Therefore, for high energy piles it is 
necessary to have a coolant going 
through the pile so that the energy can 
be removed and taken outside where it 
can be usefully employed in producing 
steam or electricity. 

A few moments ago I mentioned that 
when uranium fissions it gives off two 
lighter, radioactive atoms such as barium 
and krypton, and that even the ordinary 
atoms become radivactive from captur- 
ing neutrons. Therefore, when the pile 
is operating, it gives off enormous 
amounts of radioactivity such as gamma 
or X-rays, neutrons, beta partie cles or 
electrons, and these are very . adly to 
anyone in the neighborhood. For this 
reason it is necessary to stk the 
pile with material of great thickness to 
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act as shields and to cut down the 
amount of radiation escaping. 

At this point I might summarize for 
you some of the chemical problems asso- 
ciated with the design of a power pile. 
lor obvious reasons of security, I can- 
not give you any details in a talk such 
aus this as to how far we have progressed 
in these problems, but I can pull together 
the various types of chemical problems 
which I am sure many of you could think 
up yourselves, if you gave thought to 
the matter, which have to be solved if 
a successful power-pile is to be built. 

First consider the fuel rods. Thorium 
and uranium are the known fissionable 
materials generally available, but a 
great many problems arise as to how to 
fabricate these. What shape should 
they be? How do you produce them in 
quantity in the desired shape? How 
pure should they be? How do you pro- 
duce the material of required purity? 
Should they be pure metal or alloys, 
and if alloys, which alloys? 

It should be pointed out that the nu- 
clear properties in regard to neutrons 
determine which alloys ‘can be used 
as well as the chemical properties of 
the metals employed. This frequently 
means that metals which have hereto- 
fore been commercially rare may be in 
demand and the electrochemical indus- 
tries may play an important role in pro- 
ducing good metal of these lesser known 
elements in high purity. Further, these 
fuel rods have to be cooled if very much 
heat is to be taken out and the problem 
of corrosion enters. 

Some alloys will take higher tempera- 
tures or withstand corrosion much 
better than others and the choice of 
which one to use in a given reactor de- 
sign depends to a great extent on our 
knowledge of how these alloys behave 
under the conditions required in the 
design of the reactor. Also, I might 
mention that the fuel rods do not nee- 
essarily have to be metal, but may be 
refractories which have good heat con- 
ducting properties, or maybe even 
liquids. 

1 might also mention that stainless 
types of alloys would be very desirable 
or that in some cases it is necessary to 
encase these materials in cans or coated 
metals which also possess good heat 
conducting properties. Here again the 
electrochemical industries can play a 
major role. The fuel rods may be en- 
riched with fissionable atoms such as 
U** or plutonium 239 and the more the 
enrichment the smaller the design of the 
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reactor. Further, as the fuel rods re- 
act the uranium in fission produces other 
metals and atoms which tend to pro- 
gressively change the property of the 
alloys present and some of these may 
maintain their physical strengths for 
fur longer times than others. 

The coolants can be of many types. 
They might be air, rare gases, metal 
alloys, organic liquids, and it must be 
remembered that the nuclear properties 
of the atoms being used must be desir- 
able. These coolants must be capable 
of transporting the heat generated, and 
they must not be corrosive to the ele- 
ments of the pile. Here again, materials 
which have been slightly too expensive 
to take hold commercially may here be- 
come important through their nuclear 
properties, and new industries for pro- 
ducing them may develop. 

The moderators can be of various 
types, such as graphite, heavy water, 
beryllium, or other light atoms; they also’ 
must withstand temperatures, radiation, 
and corrosion. 

Finally, the shields must be 
withstand all these reactions. Further, 
as the pile gets larger its weight in- 
ereases and the thinner we can make the 
shields the more feasible it becomes to 
put « reactor in an airplane or a ship. 
It is all very well to use a thick wall of 
concrete, but the shields of the future 
undoubtedly will contain many new 
types of alloys and ceramic materials 
which will permit them to be much 
thinner than the ones now in use. 

The control rods can be made of var- 
ious substances and here again new 
metals, alloys, and ceramic materials 
with special properties of being able to 
withstand radiation, corrosion, and high 
temperatures will be in great demand. 

The pile also has to be monitored for 
the level of radiation with regard to 
neutrons, clectrons, and gamma parti- 
cles, and these new materials of very 
high purity will again be in demand for 
producing the instruments of the future 
for the control of these operations. 

If the piles are to operate as power- 
piles, the fuel rods will have to be re- 
moved from time to time and purified in 
regard to activity of neutron poisons and 
placed back in the piles. This means 
the construction of chemical equipment 
which ean operate simply by remote 
contro] and which will withstand radia- 
tion, corrosion, and heat. Here again 
the eleetrochemists can play an impor- 
tant role in producing this equipment 
and giving it surfaces which will with- 
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stand the reactions and even in help- 
ing devise remote control processes for 
carrying out these operations. 

I should like to point out at this time 
that as new processes are developed for 
producing new alloys, new ceramic 
materials, and unusual metals of very 
high purity, these same processes can 
be used for producing other materials for 
industry in general. The very pure 
materials themselves will find many in- 
dustrial applications which probably in 
the long run will far outweigh their use 
in nuclear reactors. 

I believe it is obvious from what I have 
just been saying that, as various types of 
power-reactors are developed the 
future, greater and greater use is going 
to be made of elements of the periodic 
table which are not generally available 
commercially in quantity and in the 
forms desired. These elements will be 
demanded in the construction due to 
their peculiar nuclear or chemical or 
physical properties. Many of them are 
reasonably aburdant in nature but, due 
to lack of commercial demand, have 
never been studied systematically for 
the purpose of producing them cheaply, 
in quantity, or with great purity. Those 
which are available are usually avail- 
able as the result of by-products of other 
processes. 

As these lesser known elements are 
demanded in various metals, alloys, and 
compounds, new industrial processes will 
have to be developed to produce them, 
starting all the way from the concentra- 
tion of the ores, through the refining, 
right up to the fabrication of the finished 
product in the desired form. I feel con- 
fident that the electrochemical industry 
will play a very important part in the 
development of these processes and that 
the industries which do develop them 
will find that in addition to the Govern- 
ment’s demand for reactor materials, 
these substances will find wide industrial 
application in other lines of endeavor. 
So far today I have said very little 
about tracers, since I assume that all 
of you are familiar with them and could, 
if you wished, give thousands of illus- 
trations of how this powerful new tool 
could be used in the scientific investiga- 
tions which are being carried out in your 
various fields. It is, of course, obvious 
that the tracer technique will be widely 
used by all branches of chemistry and 
metallurgy, and that its use will greatly 
speed up the solving of the many prob- 
lems in these fields. The tool is, of 
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course, ideally suited for subjects of cor- 
rosion, crosion, analytical chemistry, re- 
search into mechanisms, rate and equi- 
librium problems, ete. I believe these 
techniques should be particularly useful 
in devising methods for producing purer 
and better products and in determining 
the purity of these products. 

The Ames Laboratory of the Atomie 
Energy Commission, of which I am the 
Director, has devoted a considerable part 
of its effort to the pioneering type of re- 
search where these new materials are 
tried and has produced a considerable 
number of special types of metals, alloys, 
and chemicals of extremely high purity 
to see whether these new materials are 
useful for reactor development. 

As an example of this type of develop- 
ment, I might mention the rare earths. 
As you know, these elements are not 
really rare in nature but are called the 
rare earths (1) because they occur widely 
scattered throughout matter, generally 
in low concentrations, and (2) because of 
the extreme difficulty in separating them 
from each other. The older fractional 
crystallization methods of separating 
them required years of labor to produce 
nominal quantities and few chemists 
had the patience, interest, or drive to do 
this. Therefore, the literature concern- 
ing the properties of the metals and 
alloys of these compounds is limited. 
However, as mentioned previously, when 
uranium fissions it produces two radio- 
active atoms of lighter atomic weight. 

This break may occur in many ways 
so that in a bar of uranium which has 
been ten per cent fissioned, you will 
find some forty elements present among 
which rather prominently occur various 
members of the rare earths. Some of 
these have very bad neutron properties, 
so it became desirable to obtain the rare 
earth metals and compounds in pure form 
to study their nuclear properties. As 
reactors are built it will be necessary to 
remove some of the rare earths from the 
pure materials, and it will be desirable to 
see what the effects on structure of var- 
ious percentages of rare earths are in the 
fuel material. Therefore, it was neces- 
sary to obtain these materials for exper- 
imental studies. 

The Ames Laboratory developed a 
process involving adsorption columns, 
on the water-softening principle, where 
the separation of these rare earths could 
be greatly speeded up, and we have sue- 
ceeded in producing a number of very 
pure compounds of these elements. We 
have also produced the pure metals of a 
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number of them [Ce, La, Nd, Pr, Y, Th, 
and Be}. 

I believe from what I have said today 
it will be evident that it is possible to 
design reactors in many ways and that 
the problem of design in each of these 
reactors requires the combined efforts 
and knowledge of almost all kinds of 
scientists and engineers. Basic dis- 
coveries in all the fields of physical chem- 
istry, metallurgy, and engineering will 
have to be drawn upon to make the 
practical applications, and almost any 
scientific fact in these fields might prove 
useful in the practical applications of 
atomic energy. 

Here again, I think it points up the 
fact that this country, for its own na- 
tional security and safety, will have to 
draw a very careful line as to where 
secrecy does our own country more harm 
than it could possibly do good by with- 
holding information from a potential 
enemy. One might say that the tele- 
phone book or publications such as ‘“The 
American Men of Science’? or ‘‘Who’s 
Who” would prove very useful to the 
enemy in that it would enable them to 
quickly locate our key scientists and 
On the other hand, I don’t 
believe anyone would take the position 
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that these books should be stamped 
“Seeret.’”? It is obvious that the use- 
fulness of these volumes in their un- 


restricted category far outweighs any 
good which could be achieved by with- 
holding them from the enemy. The 
same is true of all the fundamental 
branches of science, and I think it is 
very important that we all give a strong 
support to the Atomic Energy Commis- 
sion in its effort to free large areas of 
scientific investigation. It is evident 
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that we are taking a calculated risk in 
doing this, in that someone in one of 
these fields might discover a fact that 
would be of great benefit to a potential 
enemy, but I feel that any harm result- 
ing from this calculated risk is insignifi- 
cant compared to the impetus which a 
free science in these fields would give to 
our scientifie development. 

I believe that we can depend on the 
patriotism of our scientists, and the 
editors of our journals, to see to it, that in 
most any case where such a leak might 
oceur, that this information would be 
withheld. Of course by this I do not 
mean that everything should be made 
public. There are certain fields such as 
weapon design, production processes, 
etc., where in the troubled world situ- 
ation it would be desirable to have all in- 
formation examined before it is released, 
but I think these fields should be strictly 
limited and great care should be taken 
that we do not let unintelligent secrecy 
destroy the processes by which our in- 
dustry and science have become great. 

In closing, I believe a chemist is 
allowed one wild dream in making his 
predictions and in doing this I would like 
to point out the very intriguing possi- 
bility of converting the nuclear energy 
directly into electricity. All the present 
proposed applications of converting 
nuclear energy into useful energy go 
through the process of fission producing 
heat and then generating electricity and, 
of course, as you all know we are limited 
by the thermodynamic efficiency. If a 
process could be found to take electricity 
directly from the pile, as we now take 
electricity directly from chemical re- 
actions, then a great milestone would 
have been passed in science’s march of 
progress. 
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Plan now to attend 
Meeting of The Electrochemical 
Society 
at the Benjamin Franklin Hotel in Philadelphia 
May 4, 5, 6, and 7, 1949 


Sessions on 
Luminescence, Rare Metals, and Theoretical Electochemistry 
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The Importance of the Unpredictable 


In his Acheson Medal address, Dr. Dunean A. MacInnes urged that 
research institutions and industrial laboratories devote a larger proportion 
of effort to long range fundamental research having no predictable applica- 
tions. Pointing out that the processes of living tissues intimately involve 
electrochemistry, he suggested that researches should seek to comprehend 
more fully the behavior of substances in solution and that “the physical 
chemist should be looking for new procedures, as well as examining the 
theoretical foundations and improving the precision of the established 
methods.” 

The Society in recent years has not given sufficient attention to the 
promotion of basic research. Twelve years have elapsed since a symposium 
was devoted to the more fundamental aspects of electrochemistry. At the 
Philadelphia meeting of 1937, Dr. MacInnes, then president of the Society, 
arranged a stimulating and most successful program on “Electrochemical 
Methods in Biology.”’ Ideas presented at that time have influenced in no 
small way the subsequent course of biochemical and medical experimenta- 
tion. 

It is true that the various divisions of the Society do present from time 
to time valuable theoretical papers pertaining to their fields of specializa- 
tion, but these papers are usually accounts of research having predictable 
and practical applications. Very rarely are these reports of researches 
undertaken purely for the satisfaction of intellectual curiosity, and very 
seldom do they have broad significance or implication. 

The interesting symposium of the General and Theoretical Division 
being arranged by Professor Glockler for the coming Philadelphia meeting 
fortunately constitutes a revival of effort in the support of basic knowledge. 
This program will include papers dealing with a wide range of scientific 
work and should attract a large attendance and participation. 

Symposia on fundamentals should become a regular feature of the 
Society’s spring meetings. Contributions to our knowledge of electrode reac- 
tions, overvoltage, passivity, oxidation and reduction kineties, the proc- 
esses of conductance in structures as diversified as nerve fibers, semi- 
permeable membranes and solid semi-conductors should have important 
and unpredictable consequences in broad areas of science, technology and 
human affairs. 
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Current Affairs 


More Plans for Philadelphia Convention 


Excellent progress is being made on the 
schedule of events for the Philadelphia 
Convention, both technical and social, 
according to reports from the Conven 
tion Committee 

Heading this committee is Ernest G. 
Eenek, General Chairman, and the follow 
ing sub-committee chairmen: Harry A. 
Alsentzer, Entertainment; Milton B. 
Barba, Plant Visits; Russell P. Heuer, 
Hotel Reservations; John F. Gall, 
Meeting Accommodations; Edgar L. 
Eekfeldt, Registration; Hiram 38. 
Lukens, Finanee; Albert A. Ware, 
Publicity. Working with them are the 
officers of the Philadelphia Section: 
R.H. Cherry, Chairman; J. L. Crenshaw, 
Vice-Chairman; J. F. Hazel, Secretary; 
Arthur Osol, Treasurer. 

The dates for the Philadelphia meeting 
are May 4, 5, 6, and 7, 1949. 

Headquarters for the Convention is 
the Benjamin Franklin Hotel, 9th and 
Chestnut Streets, Philadelphia. The 
hotel is equipped to provide adequate 
facilities for all the different sessions of 
the Convention. Advance reservations 
should be made direct to the hotel, and 
reservation cards will be mailed to the 
membership in ample time 


Technical Sessions 


The technical sessions consist of 
symposia on the subjects of Theoretical 
Electrochemistry, Luminescence, and 
Rare Metals. There is every indication 
that each of these subjeets will be 
handled by leaders in their respective 
fields. The exact program for each of 
the symposia will be published as soon as 
it is completed 

The symposium on Theoretical Elee 
trochemistry, headed by Chairman 
George Glockler of the University of 
lowa, is an important feature of the 
meeting and will include papers by such 
authorities as Professor V. K. La Mer of 
Columbia University, Dr. H. A. Abram 
son of the College of Physicians and 
Surgeons, Dr. Karl Solinger of the U.S. 
Publie Health Service, Professor K. G. 
Ste of Brooklyn Polytechnic Institute, 
Dr. J. L. Oneley of Harvard Medieal 
School, Dr. H. A. Laitinen of the Uni 
versity of Illinois, Professor Glockler 
and Dr. J. W. Sausville of the State 


University of Iowa, and others of like 
caliber 

The Symposia on Rare Metals and 
Luminescence is being sponsored by the 
Klectronies Division. A gratifying re 
sponse to these symposia has also re 
sulted in papers from outstanding 
experts in these fields, both foreign and 
from our own country. The Journat 
will publish a list of these papers, with 
the authors, as the program rounds out. 


Ladies Program 


Plans for an attractive program of 
events for the ladies attending the 
Philadelphia Convention are developing 
satisfactorily, according to Dr. Harry 
Alsentzer, Chairman of the Entertain 
ment Committee. He has organized a 
ludies’ committee to arrange this part 
of the entertainment. 

At present the schedule calls for a ‘‘get 
acquainted’? gathering on Thursday 
morning, May Sth, then a_ special 
luncheon for the ladies, to be followed by 
a trip toa number of points of interest in 
Philadelphia and vicinity. On Thurs 
day evening, the ladies of course will 
attend the President’s Reeeption and 
Dinner. 

On Friday, there will be a luncheon for 
the ladies at one of the historic colonial 
hostelries near Philadelphia, to be fol 
lowed by a visit to the famous Du Pont 
Gardens at ‘Longwood.’ 

The Entertainment Committee — is 
making every effort to see that this 
program will be most enjoyable, and 


further details will be published in the 


JOURNAL as they are completed. 


Round Table Discussions 


The Industrial Electrolytic Division 
of the Society is planning a round table 
discussion for the Philadelphia Con 
vention on ‘‘Materials of Construction 
for Chlor-Alkali P 

The subject approached fron 
two directions, (1) from the stand 


point of of various pro 


cesses, and (2) from the standpoint of the 


properties of various processes 
Chlor-alkali producers and equipment 

suppliers will have fhe opportunity ot 

drawing upon the experience of many 
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experts in the field for the discussion of 
their problems. 

Since time is short and the scope of the 
round table unlimited, it would be help- 
ful in the preparation of a rough outline 
to have suggestions or contributions of 
special interest communicated, in ad- 
vance of the meeting, to the Seeretary of 
the Division: M. S. Kircher, Hooker 
Kleetrochemical Company, Niagara 
Falls, New York. 

The Electrothermic Division is fortu- 
nate in securing the services of Mr. N. 
I. Promisel, Navy Department, Bureau 
of Aeronautics, to act as leader or moder- 
ator for the round-table discussion on 
“Special Melting Techniques for Metals,” 
to be held at the forthcoming National 
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Spring Meeting in Philadelphia.  An- 
nouncements of the panel members for 
this round-table discussion will be pub- 
lished insubsequent issues of the JouRNAL 
of the Electrochemical Society. 

This special meeting will be held in 
conjunction with the symposium on “Rare 
Metals,”’ sponsored by the Electronics 
Division, and the committee anticipates 
considerable participation. 


Plant Trips 


It is planned to devote part of the time 
allotted to plant trips to a visit to one of 
the leading chemical plants in the vi- 
cinity of Philadelphia. Other plans to 
be announced. 


Spotless Electroplating Laboratory at Westinghouse 


A new electroplating laboratory of the Westinghouse Electrie Corporation features 
the neatness and efficiency of a well-designed kitchen. The lab—used to develop 


better electroplating processes for nickel 


, copper, chrome, silver, gold, and other 


metals-—features acid-resisting tile walls and floor, sound proofed ceiling, tempered 
Carrara glass table tops and completely coneealed plumbing. In addition to the 
chemical laboratory shown here, there also is included an office and meeting room, 


workshop, storage rooms, and a pilot line production room 


New electroplating 


processes leaving the laboratory are ready for initial application in commercial 
production. The Laboratory shown is at the company’s plant in Pittsburgh. 
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Diamond Alkali Opens Houston Works 


The nation’s newest plant for the 
electrolytic production of chlorine and 
caustic soda, one of the largest of its 
kind, was recently put into production 
when the Diamond Alkali Company 
opened its Houston Works. The new 
plant which cost $14,500,000 occupies a 
325-acre tract along the Houston Ship 
Canal 25 miles from Houston. Con 
struction was begun in the summer of 
1946 and the capacity of the completed 
plant is 220 tons of liquid chlorine and 
240 tons of caustic soda per day. The 
plant designed by Diamond engineers 
was built by Brown & Root, Inc. of 
Houston. 

The Electrochemical Society, of which 
Diamond Alkali has been a sustaining 
member since 1942, was represented at 
the dedication ceremonies by Mr. Karl 
E. Luger who reported most favorably 
on the varied activities of the day. 
These included a morning session of 
six technical papers dealing with the 
novel features of the installation. 
Luncheon was followed by a tour of the 
plant. The formal dedication included 
an address by Dr. T. 8. Painter, Presi 
dent of the University of Texas, on the 
interrelation of industry and higher 
education. He dealt at inogth with the 
value to industry of the basic research 
done by the universities. The day’s 
activities were concluded with a Texas 
barbecue dinner complete with all the 
trimmings which, according to our 
representative, left everyone pleased 
that Diamond had moved to Texas. 

The decision to locate the new plant in 
the Houston area was influenced by many 
factors chief among which were the 
growing chemical industry of the south- 
west, which meant large existing markets 
for the output of the plant, the ready 
availability of usable raw materials, 
natural gas, cooling water and trans 
portation facilities. The new plant is 
very largely self sufficient. The basic 
raw material is salt brought by pipeline 
from wells 17 miles away. All the elee- 
trie power and steam required are gener 

ated on the spot using natural gas as the 
basic energy source. The Houston Ship 
Canal provides both transportation and 
cooling water. A large part of the liquid 
chlorine produced is delivered by pipe 
line to a nearby customer 

With the relatively high year-round 
temperatures that prevail in the Gulf 
Coast area, it was considered feasible 


to install about 60 per cent of the equip- 

ment out-of-doors, thus realizing a very 
considerable saving in building cost 

Typical of the outdoor installations are 
the steam generating units, the caustic 
evaporation equipment and the facilities 
for brine treatment. The production 
units consist of the power plant, pump 

ing stations, brine reservoirs, brine treat 

ing equipment, the electrolytic cells, 
caustic evaporation units, solid caustic 
plant, and the chlorine liquefaction and 
loading facilities. In addition to these 
are the brine wells and pipelines for 
transportation of brine and water to the 
plant and of liquid chlorine to its ulti- 
mate consumer. 

Service facilities consist of: the Ad- 
ministration Center, completely air- 
conditioned, providing offices for man- 
agement, accounting, purehs ising, traffic 
and engineering; the Personnel Building, 
with central locker rooms, washrooms, 
first aid dispensary and offices for per- 
sonnel and plant protection forces; and 
the Shop and Stores Building, complete 
with a well-equipped machine shop, tool 
room, and storeroom. 

Plant personnel totals 200; of this 
number 40 are technical and adminis- 
trative employees and 60 are on direct 
operation. Maintenance, repair and 
labor are handled by 100° workers. 
Ninety-five per cent of the emplovees are 
native Texans. 


Brine Production and Treatment 


The supply of salt, essential raw 
material from which chlorine and caustic 
soda are derived, is located at a salt dome 
at Barber’s Hill 17 miles from the plant. 
Here 400,000 gallons of fresh water per 
day are pumped into the dome from one 
of two wells, dissolving the salt and 
returning the brine to the surface. The 
brine is pumped into a reservior of 1,000,- 
000 gallons capacity at the well site and 
then carried through cast iron pipelines 
to a 650,000 gallon open storage reservior 
at the Houston Works. Nearly 2,000 
tons of brine a day are brought from the 
salt wells to the plant. 

The 17 mile brine line runs under 
rivers, across swamps and beneath the 
Houston Ship Channel before reaching 
the Diamond plant Its construction 
provided sever: al interesting sidelights 
For instance, flat-bottomed skiffs (mud 
boats) powered by motors mounted with 
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Air view of Diamond Alkali Company’s new plant near Houston, Texas 


airplane propellers were necessary to lay 
the line in one old lake bed which even at 
high tide contained only one foot of 
water above its 12-foot depth of mud. 

From the storage reservior raw brine 
is pumped to the brine treatment system 
(hot process) to free the solution of im 
purities (calcium, iron, aluminum, mag- 
nesium) prior to its electrolytic decom 
position into chlorine, sodium hydroxide, 
and hydrogen. 

The raw brine is treated with sodium 
carbonate obtained by reacting brine 
containing a small percentage of caustic 
soda with flue gas from the boilers. Re 
moval of impurities from the solution is 
essential to prevent their deposition on 
the asbestos paper diaphragms of the 
cells used for subsequent electrolysis of 
the brine, a condition which, if tolerated, 
would quickly impair cell operation by 
clogging. 

Filtering of purified brine in anthra 
filt pressure filters completes the prep 
aration of the solution for electrolytic 
decomposition of its salt content. These 
filters are totally enclosed tanks, 78” 
in diameter and 5 feet high. There are 
five of them, permitting any one unit to 
be back-washed whenever needed with- 
out interrupting the processing cycle. 

Use of the so-called ‘thot process’’ in 
place of the conventional ‘‘cold’’ method 
of brine treatment is regarded by Dia- 


mond engineers as a refinement of con 
siderable import ance’in chlorine-caustic 
soda production technique. Reaction 
time is shortened, less space is needed to 
house required equipment, and effective 
ness and uniformity of impurity removal 
are increased, 

Treated-and-filtered brine is pumped 
into one of eight storage tanks, which 
provide a capacity of 1,500,000 gallons. 
Treated brine is drawn through a two 
pass preheater for heating to 160° F. 
before resaturation in a 50,000 gallon 
tank to which salt slurry recovered from 
caustic evaporation is added. This 
is reeveled continuously. Pass 
age of the brine through it promotes 
maximum salt concentration which, in 
turn, contributes to longer life of the 
anode in the electrolytic cell. 


Chlorine Production 


The electrolytie cells embody im- 
provements in design worked out by 
Diamond’s Research and Development 
Staff over the past 10 years. The cells 
are rectangular and employ a submerged 
asbestos paper diaphragm instead of a 
deposited diaphragm; the cells operate 
at 10,000 amperes and at average current 
and power efficiencies normally obtained 
from diaphragm cells. 


Glass—thousands of feet of it—is used 
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for entrance headers and chlorine exit 
piping because of its light weight, econ 

omy, and transparency. For caustic, 

glass also makes possible better joining 
of lengths in comparison to standard 
lead bends e mployed for ceramic stone 

ware joints. Chlorine gas is piped to 
cooling and faction equipment 

Some 2,000,000 cu. ft. of hydrogen are 
produced daily and uses are being sought 
to consume this supply. However, a 
small portion of the gas is collected and 
diverted to compressors for producing 
hydrochloric acid. 

Chlorine gas from the cells passes 
through two enclosed glass coolers—a 
primary cooler and a secondary cooler 
where it is cooled to 105° F. and then to 
60°-70° F. 

Upon cooling, chlorine gas 18 passed 
through three ceramic plate-type sur 
face drying towers and thence through 
three cast iron drying towers. Next 
compressed by special rotary compres 
sors equipped with sulphuric acid seals, 
the gas is ‘“‘serubbed’’ in towers to re 
move condensable impurities 

Liquefaction of the chlorine is then 
accomplished by cooling the gas to ap 
proximately minus 20° F. in three re 
frigerating units, incorporating centri 
fugal which is 
capable of liquefying 100 tons of chlorine 
a day. From these machines the liquuid 
chlorine is delivered directly to 30-ton 
or 55-ton tank cars, or to weigh tanks for 
delivery by pipeline or for loading into 
cylinders. 

By liquefying chlorine with refrigerat 
ing machines rather than by the normal 
method using reciprocating compressors, 
a coolant, a refrigerant, and the equip- 
ment required to handle these materials, 
several advantages are secured 


compressors, each of 


Caustic Soda Production 


From the electrolytic cells, the solu 
tion of caustic soda and salt (cell liquor) 
is pumped to a 1,000,000 gallon storage 
tank farm comprising six tanks. Raised 
to 180°-190° F. the solution then goes to 
three sets of evaporators where caustic 
soda strength is increased and the salt is 
crystallized out until a product of the 
desired strength is obtained. 

All of the effluent from the cells is 
evaporated to a solution containing 50 
per cent caustic soda. At this concen- 
tration, all but a very small fraction of 
the salt has been removed by erystalliza 
tion. Upon cooling and _ filtering, the 
solution is ready for loading into tank 
cars as 50 per cent caustic soda. 
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To produce 73 per cent caustic the 
evaporation process is continued on a 
portion of the 50 per cent solution. This 
higher strength caustic solution is then 
ready for loading and shipment in tank 
ears, or for pumping to another unit of 
the plant for making solid, flake and 
ground caustic, which are loaded into 
steel drums for marketing. 

The packaging plant, while not yet 
completed, is scheduled to go into opera 
tion in the near future, and will feature 
automatic and semi-automatic handling 
to a degree hitherto unapproached in the 
industry. The conventional method of 
fusing caustic in direct-fired cast-iron 
pots as practiced in the industry since 
its earliest days has been successfully 
converted to a closed, continuous basis 


Hydrochloric Acid Plant 


Diamond’s hydrochloric acid plant, 
rapidly nearing completion, is scheduled 
to be put into operation soon. Its 
capacity is 10 tons daily. 

After passing through the condensate 
trap, hydrogen from the cell room is 
cooled and ¢ ompressed Combined with 
“sniff gas’’ obtained from chlorine lique 
faction, the mixture is burned in a fur 
nace forming hydrochloric acid. The 
gas obtained is then cooled in a reflux 
cooler, absorbed in water and stored or 
shipped as 33 per cent hydrochloric acid 


General Plant Utilities 


Diamond generates its own power and 
has provided a large installation for this 
purpose. It consists of four boilers, 
each capable of producing 100,000 Ib. of 
steam per hour at 900 Ib. psi pressure and 
00° F. for three turbine generators with 
a total capacity of 30,000 kva. Ap- 
proximately 14,000,000 ¢ s ft. of natural 
gas are used daily to fire the boilers. 
lurbine-bled steam is used in heating of 
brine, evaporation of water, and other 
general plant requirements. Direct eur- 
rent for electrolysis is supplied by a 
bank of mercury-are rectifiers. 

Sixty million gallons of water for con 
densing steam and various process cool 
ing requirements are pumped from and 
returned to the Houston Ship Channel 
daily without contamination. Three 
large vertical pumps at the ‘inlet station, 

each driven by a 300 hp motor, are 
capable of pumping a total of 45,000 
gallons of water per minute from the 
Channel, two-thirds of a mile 


away. 
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New Atom Head 


Dr. Kenneth 8. Pitzer of the Uni 
versity of California recently became 
Director of Research of the Atomic 


Knergy Commission, an 
which is considered the 
scientific job in the 
Pitzer sueceeds Dr. 
vard. 

Under Dr. Pitzer’s control will come 
the chain of laboratories which the 
Atomic Energy Commission is building 
throughout the country. Much of the 
work will be top-secret, concerned with 
the atom bomb and other nuclear wea- 
pons. Also, a part of Dr. Pitzer’s 
responsibility will be to make the atom 
serve rather than threaten civilization. 


Golden Jubilee of 
Chemists’ Club 


The Chemists’ Club celebrated its 50th 
anniversary, with a dinner party at the 
clubhouse, 52 East 4lst Street, New 
York City, on December 9th. 

The Chemists’ Club was founded in 
November, 1898, with 154 charter mem- 
bers. Taking aleading part in establish- 
ing the Club were Dr. Leo H. Baekeland, 
Prof. Marston T. Bogert, Prof. Charles 
F. uidler, Prof. Morris Loeb, Dr. 
G. Love, Dr. William MceMurtie Mr. 
T. J. Parker, Dr. Charles F. Squibb, and 
Dr. Maximilian Toch. 

From its first meeting and until March, 
1911, the headquarters of the Club was 
at 180 West 55th Street, New York City. 

loan of $1,000 by Prof. Chandler to 
gether with sizable contributions from 
many others, made it possible to obtain 
this first meeting place. 

The object of The Chemists’ Club was 
to provide a_ professional home for 
American chemists, to develop personal 
and professional contacts among those 
interested in chemistry, and to build up 
a great chemical library. 

From the first, the Club grew rapidly 
and in March, 1911, moved to its present 
home and today owns the Chemists 
Building in which it is housed. Active 
in securing the new and larger quarters 
was Dr. Morris Loeb, whose great 
personal efforts contributed so much to 
the success of the Club. Another factor 
which did much to build up the Club was 
the rapid development of the library, 
which had combined with the library of 
the American Chemical Society, and 
later had received the private libraries of 
many noted scientists. 


assignment 
most important 
world today. Dr. 
James Fisk of Har 
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Now, on the oceasion of the 50th 
anniversary of its founding, The Chem- 
ists’ Club has realized its early aims. 
It is the home and the meeting place for 
scientists from the United States and 
abroad; it is used for the meetings of the 
New York Sections of leading chemical 
societies, and it is a center for the ex- 
change of thought and information 
among chemists. 

Fifty years of the activities of this 
Club add up to an impressive total of 
men and achievements. 


AIEE Holds Winter Meeting 


The Winter General Meeting of the 
American Institute of Electrical Engi- 
neers was held at the Hotel Statler 
(Pennsylvania) in New York City, 
January 3lst to February 4th. 

The technical program for this meeting 
was the largest in the history of the 
Institute, comprising the presentation of 
about 150 papers in 38 sessions. In addi 
tion there were some 18 conferences. 

The inspection trips were noteworthy 
for their interest and variety, and in 
cluded trips to Consolidated Edison 
Company’s Jamaica Substation, Federal 
Telecommunication Laboratories of the 

T&T. at Nutley, New Jersey, the 
Columbia University Cyclotron, and the 
Material Laboratory, U. 8. Navy Yard 
at Brooklyn, New York. 

The social program featured a dinner 
dance, smoker, theater tickets, and an 
attractive program for the ladies, high- 
lighted by a trip to the United Nations, 
a fashion show, and other activities. 


Expansion Approved for Carnegie 
Tech 


Carnegie Institute of Technology, 
Pittsburgh, Pennsylvania, recently has 
announced the approval of a four million 
dollar campus building and renovation 
program. 

Carnegie will build a million-dollar 
wing on to Engineering Hall and will 
spend over a million dollars on a power 
plant and a steam and electricity distri- 
bution system. The program also calls 
for extensive revamping and renovation 
of available space in existing buildings in 
the colleges of Engineering and Science, 
Fine Arts, and Margaret Morrison 
Carnegie College. 

Actual work is expected to begin this 
spring, and the whole building and re 
novation program is expected to cover 
approximately a two-year period. 


aat 
¥ 


32¢ CURRENT 


Section News 
Chicago Section 

The Chicago Section met at the Chi 
cago Engineers’ Club on December 3rd. 
Mr. James Smith, the Chairman, opened 
the meeting by presenting a biographical 
sketch of the speaker, Mr. Joseph E. 
Drapeau Jr., technical director of Metals 
Refining Company. Mr. Drapeau spoke 
on “Innovations in the Use of Metais.”’ 
In the development of the topic, the 
speaker compared the living standards of 
the present day and those of the Pilgrim 
settlers with regard to the production 
factors which have effected this change 
It was pointed out that most of the 
changes that permit the decrease in 
working hours and increase in material 
wealth have been effected by labor 
saving devices and methods. Energy 
machines, interchangeable parts, as 
sembly lines, have all played a part. 

The modern process started with the 
development of Cu flake pigments by 
Henry Bessemer in England about 1800 
and has developed steadily ever since. 
Today, this method is used in the forma 
tion of cutting tools, of high melting 
alloys, the mass production of precisiou 
parts, brushes for electrical contact, 
bearings for lubrication, metallic brakes, 
porous filters, paint pigments and fuel 
additives. 

The uses and contributions of alumi- 
num, lead, copper and iron during the 
last war were discussed in detail. i hey 
ranged from the use of Cu O paints to 
prevent growth of barnacles on the bot 
tom of Navy vessels to the use of metal 
powders and oxides as a component of 
incendiary bombs. 

The powder metallurgy consists of two 
fields. The first is, of course, producing 
metal powders and the second is utilizing 
them in a commercial product. Several 
methods used to produce the metal pow- 
der are: the disintegration of a brittle 
form of the metal or oxide, atomization 
following by chilling of the molten 
metal, electrolytic deposition and redue 
tion of chemical compounds to free 
metals. 

The formation of an integral metal 
mass from the metal powder is a field 
which was given great impetus during 
the war. The metal particle is fused at 
its surface to the surface of its neighbors 
by heat and pressure; one of the great 
advantages being the lower tempera 
ture at which this assembly can be car 
ried out. Other desirable properties are 
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the precision, the porosity, and the light 
weight of the casting as well as the good 
strength. 

The talk was presented in an interest 
ing and logical manner. A great fund 
of practical information and creative 
ideas illustrated the field of powder 
metallurgy, showing how it developed, 
how it is used, and how it is likely to be 
used in the future. 

The keen appreciation of the audience, 
for the future possibility and application 
to other fields, was evident in the dis 
cussion that followed the formal close of 
the talk. 

H. D. DouGuas, Secretary 


Cleveland Section 


A well-attended dinner meeting on 
November 9th was the opening event of 
the Cleveland Section’s 1948-49 series 

Mr. J. WH. Winkler, Teehnieal Advisor 
of Battelle Memorial Institute, was the 
guest speaker; his subject, ‘Graphic 
Arts and Research,’’ was delivered in his 
own inimitable style. 

The speaker outlined the various proe 
esses of printing, both color, and black 
and white, having many samples and 
exhibits with which to demonstrate his 
subject. 

It was surprising to hear that the 
printing industry is actually larger than 
the eleetrochemical industry, having 
approximately a four billion dollar a 
year volume. 

Mr. Winkler deseribed the photo 
graphic process for printing on textiles, 
woods, ete. He demonstrated the four 
color process of printing and described 
the planographic method. This differs 
from the more prevalant method of 
printing, in that there is no difference in 
the level of the surface of the printing 
plate. Printing by this method is ae 
complished by employing variations of 
wetted surfaces which enables the plate 
to take up ink in certain areas. 

The speaker pointedly mentioned the 
vinylite mold as being the most signifi 
cant development in the electrotyping 
industry. The versatility together with 
the number of plates which can be made 
from vinylite have appreciably reduced 
printing costs. 

Regarding research in the printing in 
dustry, the speaker thought that ‘up 
until very recently the next lowest re 
search expenditure could possibly be 
found in the stone cutting business.” 
The printing industry being so diversi 
fied and having so many small establish 
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ments of an extremely individualistic 
nature makes it virtually impossible to 
put forth much research effort. This is 
lately being overcome by many small 
concerns contributing to research pro- 
grams conducted at various institutions 
for their mutual benefit. 

A typical result of what research can 
do is noticeable in a new process being 
developed at Battelle known as ‘‘zerog- 
raphy.’ This envolves the photo copy 
method using dry powders fixed to the 
printing plate material by means of an 
electrostatic field and employs the phe- 
nomena of photo conductivity. 

By a rather interesting procedure a 
printing plate having been exposed 
photographically to an image, is dusted 
with a powdered substance. The plate 
receives variable electrostatic charges 
depending upon the intensity of light 
striking its surface. The particles then 
adhere to the plate in proportion to the 
variable charge on its surface. The 
plate is then ready for the usual printing 
process. 

Several other contributions of research 
to the printing industry were mentioned 
such as new types of glue used in book 
binding. 

The meeting was adjourned following 
a discussion period. 

The next meeting of the Section, held 
at the Hotel Cleveland, on December 
3rd, was the annual joint meeting with 
the American Electroplaters Society. 

Mr. W. M. Philips, of General Motors 
Corporation, very ably discussed the 
“Quality of Plating.’”’ The subject of 
quality plating, as applied to automobile 
parts, covered inspection of actual car 
parts inservice. Some of the tests used 
by General Motors to determine what 
constitutes real quality was a partic- 
ularly interesting part of the discussion. 

C. B. SANBorN, Secre tary-T reasurer 


New York Metropolitan Section 


The New York Metropolitan Section 
met at the Holley Hotel, New York City, 
on November 10th. 

Mr. Condon C. Henry, head of the 
R. C. A. office in Washington, D. C., 
and George Washington University Pro 
fessor, delivered a very informative ad 
dress entitled ‘A Better World.” 

In his talk, Mr. Henry dwelt on the 
vital significance of Industrial Research 
in our economy, and the possible effects 
of some current Government trends, 
particularly in regard to Patent Law. 
The speaker pointed out the great im- 
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portance of our patent system in con- 
nection with the development of our 
industries. Attacks on this system, he 
says, endanger our 2,300 research |: bor: a- 
tories distributed throughout the coun- 
try, and the large sums of money ex- 
pended for research ($177,000,000 in 
1938). 

An active discussion touching on all 
phases of Patent Law followed the talk. 


J. S. Mackay, Secretary-Treasurer 
Midland Section 
Mr. H. N. Bumpus, Customer Rela- 


tions Supervisor of the Michigan Bell 
Telephone Company, talked to the mem- 
bers and guests of the Midland Section 
at their meeting in the Dow Auditorium 
on December 21st, on the subject, 
‘Radar, Television and the Telephone.’’ 

Mr. Bumpus explained the part which 
Bell Telephone and its subsidiary, West- 
ern Electric Company, played in the 
development of radar during the last 
war, and demonstrated some of its prop- 
erties With laboratory equipment. After 
defining the various terms and units 
used, he illustrated the properties of 
high frequency microwaves which be- 
have very much like light. He showed 
the reflection of these waves, their 
polarity, and focusing, which is used to 
transmit microwaves by means of an- 
tennae on relay towers. 

The speaker discussed the system be- 
tween New York and Boston which em- 
ploys seven such relay towers spaced 30 
miles apart on high hilltops to obtain an 
obstacle-free path between towers. He 
also discussed the new Detroit-Toledo 
system which has two intermediate relay 
towers 180 feet high and showed pictures 
of this system. An additional system 
between Chicago and Milwaukee was 
briefly described. In all, there are five 
such microwave systems at present and 
each can be used to transmit either tele- 
vision programs or 480 telephone calls. 
These microwave systems are tied in 
with the coaxial cable systems which 
in middle January completed a _tele- 
vision network from the Atlantie Coast 
to St. Louis, Missouri. This system 
should reach a sufficiently large pro- 
spective audience to make television a 


paying for the first time 
commercially. 
Mr. Bumpus also illustrated the 


flexibility of those high frequeney radio 
waves by directing them around corners 
and through obstructions. Flexible hol- 
low tubing was used similar to that em- 
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ployed to transmit these waves from the 
generating equipment to the masts of 
ships during the war, and in the buildings 
and around equipment of the Bell Tele- 
phone Company at present. Because 
of the fact that the present high terminal 
installation costs may be reduced, that 
there are no line costs contrary to the 
coaxial cable, and that microwaves are 
not affected seriously by weather, static, 
or man-made interference, Mr. Bumpus 
was of the opinion that the microwave 
system may be the system of the future. 
He also illustrated the coaxial cable 
which is covering the largest distances of 
the present television network and re- 
ported that terminal installation costs 
are cheap in this installation but that 
the line costs are high. 

The third means of transmission men- 
tioned is by ordinary wire in which 2400 
separate calls may be handled in one lead 
sheathed cable. 

The talk was well received by a large 
and enthusiastic audience. 

Another feature of the program, that 
preceded the scientific address and was 
very entertaining, was a Standard Oil 
Company cartoon entitled, ‘‘Gasoline’s 
Amazing Molecules.” 

F. W. Koerker, Secretary-Treasurer 


San Francisco Section 


Dr. Raymond H. Ewell, Director of 
Chemical Engineering, at Stanford Re- 
search Institute, addressed the members 
of the San Francisco Section at their 
meeting at the St. Julien Restaurant on 
November 17th. 

Dr. Ewell explained the role of electro- 
chemical processes in the production of 
synthetic organic chemicals. It was 
pointed out that electrochemical proc- 
esses are much more essential to the 
production of raw materials for these 
organic products than in the actual 
organic synthesis of the chemicals. The 
speaker likewise emphasized the eco- 
nomic and inter-competitive relation- 
ships of electrochemical and non-elec- 
trochemical products as raw materials 
for synthetic organic chemical industry. 

R. F. Secretary-Treasurer 


Ivan Bloch Announces New Firm 


Ivan Bloch has announced the forma- 
tion of a new firm to be known as Ivan 
Bloch and Associates, Industrial Con- 
sultants, located at 621 Park Building, 
720 S.W. Alder Street, Portland, Oregon. 
Mr. Bloch was formerly a special consul- 
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tant to Secretary of the Interior, J. A. 
Krug, and also a former Chief of the 
Division of Industrial and Resources 
Development at U. 8. Bonneville Power 
Administration. 

Mr. Bloch has taken a leading part in 
organizations promoting the industrial 
development of the Pacific Northwest. 
Further, he is a member of the Technical 
Advisory Committee of Oregon and 
Washington State Colleges, besides being 
prominent in many scientific societies. 

The new firm will specialize in the 
industrial development of the Pacific 
Northwest and Alaska. 


Personals 


M. MERLUB-SOBEL has been ap- 
pointed to the post of associate professor 
of chemical engineering and chemical 
metallurgy at the Hebrew Technical 
College in Haifa, Israel, the only school 
of applied science in that part of the Near 
East. At the same time, Dr. Merlub- 
Sobel is maintaining consultation and 
related practice. 


ROBERT D. SCHWARTZ is now on a 
leave of absence from the Linde Air 
Products Company Research Labora- 
tory, and is engaged as a graduate assist 
ant at the University of Buffalo. 


CLARE L. MILTON, JR., who was at- 
tached to the Army Prosthetics Research 
Laboratory at Washington, D. C., trans 
ferred recently to the Engineering De 
velopment Division, ANMPO, stationed 
at Fort Totten, New York, N. Y. 


ERWIN SOHN is now associated with 
The National Sanitary Company, Salem, 
Ohio. Mr. Sohn was for many years 
connected with the Research Division of 
the American Radiator & Standard 
Sanitary Corporation, in Louisville, 
Kentucky. 


LEON P. SUDRABIN has accepted a 
position with the Electro Rust Proofing 
Corporation in Belleville, New Jersey. 
Mr. Sudrabin was formerly with the 
Dayton Power & Light Company, Day- 
ton, Ohio. 


DR. JOHAN A. BJORKSTEN, 


Presi- 


dent of the Bjorksten Research Labora- 
tories, C hicago, Illinois, is at present at 
the Company’s Researe h Laboratories in 
Madison, Wisconsin. 


] 
( 
] 
| 

| 

t 
1 
i! 


Vol. 95, No. 2 


Frederick G. Cottrell 


Dr. Frederick G. Cottrell, a well 
known scientist and inventor, died 
November 16th at his home in Cali- 
fornia. Dr. Cottrell had been a 
member of this Society since 1912. 
He is best known for his invention 
of the electrical precipitator so 
widely used for the precipitation 
of flue dusts, smokes, and which is 
also employed in air conditioning 
systems. In 1912 he organized the 
Research Corporation and as- 
signed his patents to this organiza- 
tion which has been so fruitful in 
supporting fundamental research. 
Dr. Cottrell preferred the pro- 
motion of science to the accumula- 
tion of personal wealth. 
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Future Meetings of Other 
Organizations 


Essex Electrical League, fifth electrical 
exposition, Mosque Theatre Building, 
Newark, New Jersey, March 8-11. 

National Electrical M: As- 
sociation, winter convention, Edge- 
water Beach Hotel, Chicago, Illinois, 
March 13-18. 

Third International Lighting Exposition 
and Conference, Hotel Stevens, Chi- 
cago, Illinois, week of March 28. 

19th Annual Safety Convention and 
Exposition, Hotel Statler, New York 
City, March 29-April 1. 

American Gas Association, distribu- 
tion, motor vehicle, and corrosion 
conference, Netherland Plaza Hotel, 
Cincinnati, Ohio, April 4-6. 

Edison Electric Institute, 15th annual 
sales conference, Edgewater Beach 
Hotel, Chicago, Illinois, April 5-7. 

National Association of Corrosion Engi- 
neers, annual corrosion conference, 
Netherland Plaza Hotel, Cincinnati, 
Ohio, April 11-14. 

National Electrical Wholesalers Associa- 
tion, 41st annual con'vention, Nether- 
land Plaza Hotel, Cincinnati, Ohio, 
May 1-6. 


Instrument Society Spring Meeting 
in Toronto 


The Fourth Annual Spring Meeting of 
the Instrument Society of America will 
be held at the Royal York Hotel, 
Toronto, Canada, May 12 and 13 accord- 
ing to an announcement by Ed Grace, 


oe 


Chairman of the National Meetings 
Committee and Chief Instrument Engi- 
neer of the Sun Oil Company. 

The tentative program will include 
four technical sessions and a dinner on 
Thursday evening, May 12th. The 
technical program will be under the 
direction of Lyman Allen, Jr., Chairman 
of the Papers Subcommittee of the Na- 
tional Meetings Committee and As- 
sistant Design Engineer, American Vis- 
cose Company. The meeting will be of 
interest to all engineers engaged in 
measurement, inspection, testing and 
automatic control. 


New Members 


At the meeting of the Board of Diree- 
tors held on December 2, 1948, at the 
office of The Electrochemical Society, 
Inc., 235 West 102nd St., New York 
City, the following were elected to mem- 
bershiy ): 

JOHN E. BARKLEY, Armour Research 
Found: ation, 35 W. 33rd Street, Chicago 
16, Illinois (Theoretical Electrochemi- 
stry, Batteries, Corrosion, and Elec- 
tronics) 

ELLSWORTH C. FRIDAY, National 
Carbon Company, Inc., 114 Sansome 
Street, San Francisco 4, California 
(Corrosion, Alkali and Chlorine, and 
Electrodeposition) 

THERALD MOELLER, Noyes Chemi- 
cal Laboratory, University of Illinois, 
Urbana, Illinois (Theoretical Electro- 
chemistry and Electrodeposition) 

HENRY E. ROBISON, Armour Re- 
search Foundation, mailing add: 4746 
Kenwood Avenue, Chicago, Illinois 
(Theoretical Electrochemistry) 

EMIL L.SHAKER, Chromium Corpora- 
tion of America, mailing add: 22 Rose- 
land Avenue, Waterbury, Connecticut 
(Theoretical Electrochemistry, Cor- 
rosion, and Electrodeposition) 

CHESTER K. STERRETT, mailing 
add: Portland Chamber of Commerce, 
824 S. W. Fifth Avenue, Portland 4, 
Oregon (Industrial Electrolytic) 

KARL GUSTAF WRANGLEN, Divi- 
sion of Applied E lectrochemistry, 
Royal Institute of Technology, Stock- 
holm, Sweden (Theoretical Electro- 
chemist ry and Electrodeposition) 


Reinstatement 
ERNEST ASHWORTH, Battery Manu- 
facturers Pty. Ltd., mailing add: 15 
Trafalgar St. Mont Albert KEIO, 
Victoria, Australia 


4 
ak 
| 
| 
shit 
| 
| 
e 
n 


CURRENT 


Employment Situations 


Please address replies to box shown, 
c/o The Electrochemical Society, Inc., 


235 W. 102nd St., New York 25, N 


Positions Available 


tecENT GRADUATE, Chemical [ngi- 
neer or metallurgist, for supervised re 
search and development for electrolytic 
metals refining plant. Training in elec 
trochemistry and general knowledge of 
nonferrous metallurgy essential. Sub 
mit resumé and salary requirements 
Reply to Bor A-207. 

Recent GRADUATE, trained in the 
modern advances in physical chemistry 
and familiar with electrochemical pro 
ion exchange resins, absorption 
phenomena, ete. Large progressive 
chemical metallurgical corporation of 


the Middle West. Re ply to Box A-208 


cesses, 


Positions Wanted 


GRADUATING PuH.D. in Chemical Engi- 
neering desires position in research. 
Two years industrial experience, three 
years naval officer experience. Age 28, 
married, one child. Middle Atlantic 
states location preferred. Reply to Box 
326. 

ELEcTROCHEMIST, with eighteen 
years extensive experience in many 
ph: ises of electrodeposition, electroform 
ing, metal finishing, etching, and related 
fields. Plant layout, installation de 
velopment, research. Wide consulting 
background. Several outstanding devel- 
opments in bright metal and alloy gold 
plating. Reply to Box 327. 

PowpER graduate 
chemical engineer, 35, married, 13 years 
diversified experience in research. de- 
velopment, production in impregnated 
diamond tools, synthetic sapphire, ce 
mented carbides, iron powder metallurgy, 
desires re sponsib le position with progres- 
sive organization, preferably in diamond 
tool or in, high temper: = metal-ce 
ramic field. Reply to Bor 328. 


Recent Patents 


Selected for electrochemists by Fred. 
W. Dodson, Chairman of the Patent 
Committee, from the Official Gazette. 


October 19, 1948 


Coleman, bk. D., 2,451,663, Bridge Struc- 
ture for pH Measurement Device. 

Fry, D. R., 2,451,726, Dry Cell Depolar 
izing and Reconditioning Device. 
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Samuelson, W. I. E., 2,451,877, Method 
of Manufacturing Oscillator P ates. 
Blau, M., 2,451,908, Method and Appa- 
ratus for De tecting Changes in Dimen- 

sions. 


October 26, 1948 


Hauck, V. D., 2,452,049, Combined 
Package and Filling Device for Bat 
teries or Hollow Bodies. 

Murphy, H. P., 2,452,066, Gas Diffusion 
Device for Storage Batteries. 

Kennedy, T. R., 2,452,197, Induction 
Furnace for Variable Heat Patterns. 

Lambros, G. C., 2,452,308, Process of 
Plating Palladium and Plating Bath 
Therefor. 

Dyer, J. R., Jr., 2,452,361, Method for 
Electrolytic Deposition of Indium, and 
Bath Therefor. 

Stivin, Jiri, 2,452,401, Method of Regen- 
eration of Electron Discharge Devices. 

Burns, L., 2,452,518, Nonactinic Fluores- 
cent Lamp. 

Leverenz, H. W., 2,452,522, Luminescent 
Sereen and Method of Developing 
Light. 


Leverenz. 

Screen. 
Snoek, J. L. 
Snoek, J. 


H. W., 2,452,523, Luminescent 


529, Magnet Core. 

, Magnetic Core. 

Snoe k. rocess of Manu- 
facturing agne ‘tie Material and 
Magnetic Core 

Wainer, E., 2,452,532, High 
Material. 


Dielectric 


November 2, 1948 


Kotterman, C. A., 2,452,577, Dry Recti 
fier Element and Method of Manu- 
facture. 

Saslaw, O., 
Rectifier. 

Atlee, Z. J., 2,452,626, Electron Emitter. 


2,452,603, Metal Contact 


November 9, 


Hartline, R. E., 
Logging Device. 
Davidson, N. R., 2,453,412, Eleetron 
Diffraction System and Method. 
Piety, R. ¢ 2,453,456, Instrument for 
Measuring Water Flow in Wells. 
Thumann, W. W., 2,453,474, Battery 
Terminal Clamp. 
Wilson, A. B., 2,453,481, 
trolytic Coating. 
Clark, F. M., and Raab, E. L., 2,453,493, 
Halogenated Hydrocarbon Composi- 
tion. 
Clark, F. M., 2,453,494, 
Dielectric Composition. 


1948 


2,453,318, Radioactivity 
Cc 


Anode for Elee- 


Fluorenone 
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Letters To The Editor 


Oral Presentation First? 
Dear Sir: 

I should like to voice a mild objec tion 
to publication of papers before their oral 
presentation. It appears quite useless 
to me to or: ate on a topic with which an 
audience is familiar through previous 
reading. Such time might better be 
given to discussion of the paper rather 
than an oral presentation. My prefer- 
ence is that of the Physical, Optical, and 
Chemical Societies where abstracts only 
are submitted,’ the papers presented 
orally, a discussion held, and then at 
some later date submitted for publica 
tion. Very often in this way an author 
can improve his paper tremendously by 
the criticisms and suggestions offered on 
his work during the discussion. In some 
cases it might even be necessary to carry 
on further experimentation before actual 
publication. By this method, too, an 
incomplete series might be reported— 
one Which the author feels is important 
enough to be made public, but not com 
plete enough to warrant publication at 
that time. 

ArTHUR L. 
Lancaster, Pennsylvania 


Error Noted 
Dear Sir: 

Vol. 94, No. 3, page 35.V, United States 
Patent 2,400,297, ‘“‘Apparatus for and 
method of eleetroforming of rectifier 
clements,’? is incorrectly numbered. 
The patent with this number is ‘‘Ther- 
mostatic vent valve for radiators.”’ 

This is sort of a left-handed way of in- 
dicating to you that the JoURNAL’s con- 
tents are of interest to the reader and we 
continue to find the news section valua- 
ble and time-saving. 

A. FLEISCHER 
Hartford, Connecticut 
Our apologies and thanks.—Eb. 


Book Reviews 


by Roland S. Young. Published 
by Reinhold P ublishing Corporation, 
New York, 1948. 181 pages, $5.00. 


This monograph is the 108th in the 
American Chemical Society Series. It 
is written by the Chief Research Chemist 
for several African Mining Companies 
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that are large producers of cobalt, and 
reflects the author’s familiarity with the 
subject. The book is divided into 13 
chapters in which the attempt is made 
to include everything pertinent to cobalt. 
This is a hereulean task that the author 
has accomplished quite satisfactorily. 

The general subjects covered in the 
book may best be described by listing 
the titles of the different chapters: 1. 
Historical and General, 2. Occurrence 
of Cobalt, 3. Metallurgy of Cobalt, 
Chemical Properties of Cobalt, 5. Phys- 
and Mechanical Properties of C sobalt, 

. Cobalt in Ferrous Alloys, 7. ¢ ‘obalt 
in Nonferrous Alloys, 8. Cobalt in 
Powder Metallurgy, Electroplating 
of Cobalt, 10. Cobalt Compounds in 
the Glass and Ceramic Industries, 11. 
Catalytic Behaviour of Cobalt, 12. Bio- 
logical and Biochemical Relationships of 
Cobalt, and 13. Analysis of Cobalt. 

It is to be regretted that the treatment 
of many sections of the monograph is 
necessarily brief, but this is compensated 
for, somewhat, by the rather general 
selection of references to the literature 
given at the end of each chapter. The 
references are for the most part, up to 
date, very few beyond the second chapter 
going back more than ten years. 

In assembling and collating the widely 
scattered information on the chemistry 
and metallurgy of cobalt, the author has 
filled a need that has long been apparent. 
The American Chemical Society is to be 
congratulated for sponsoring the writing 
of this monograph and for selecting a 
writer so well qualified for the work. 

The book is well printed and bound. 
This reviewer recommends the mono- 
graph to anyone who has an interest in 
any of the numerous aspects of the metal 
cobalt. 

E. SCHUMACHER 


Votumerric ANALysts, Volume II, by 
Kolthoff and Stenger. Published by 
Interscience Publishers, Ine., New 
York, 1947, 374 pages, $6.00. 


The present volume is part two of an 
up-to-date revision of “Die Praxis der 
Massanalyse’”’ which was originally pub- 
lished in 1928 by the senior author in eol- 
laboration with H. Menzel of Dresden, 
and later issued in an English translation 
by Dr. N. H. Furman. The theoretical 
principles of volumetric analysis have 
been dealt with in Volume I of this series. 
The present book is concerned with a 
critical discussion of the most important 
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methods of volumetric analysis involving 
acid-base, precipitation, and complex- 
formation reactions. Because of the 
need for ineluding new material, the 
authors have reserved the material on 
oxidation-reduction reactions for a third 
volume which is scheduled for release 
later this year. 

In the present volume, all of the essen- 
tiul material of the original version has 
been brought up to date, both as to con 
tent and presentation. In addition, a 
considerable amount of new material, 
especially on the subject of precipitation 
reactions, is included. One whole chap- 
ter is reserved for argentometric titra- 
tions, a field in which the senior author 
has long been active. On the other 
hand, no attempt has been made to cover 
exhaustively all applications of volu- 
metrie methods on specialized subjects 
in technical analysis. Instead the 
authors have tried to emphasize what 
they consider to be the important, useful, 
and reliable procedures most likely to be 
used. 

The book is critical in nature, since the 
author has had personal experi- 
ence with many of the methods de- 
scribed, and is thus of great value as a 
reference text to the advanced student 
of analytical chemistry as well as the 
research analyst. 

There is no doubt but what the present 
revision is a worthwhile addition to all 
analysts’ libraries and should enjoy, like 
the original, a unique place in the world’s 
literature on analytical chemistry. 

L. 


senior 


Inpustry HANDBOOK AND DikEC 
rory FoR 1948. Published’ by the 
Louis Carrier Co., Ltd., Dorset House, 
Stamford St. London SE1. 480 pages, 
given with Metal Industry, the annual 
subscription of which is £2 5s. 6d. 


This handbook is an encyclopedia of 
British nonferrous metals and electro- 
plating. It is divided into four sections 
Section I, ‘‘General Properties and 
Mechanical Treatment of Metals and 
Alloys,’’ includes properties of metals, 
metal statistics, tables of mechanical 
properties and physical constants, and 
descriptions of the nonferrous specifi- 
cations issued by the various British 
Governmental Agencies. 

Section II, “General Data and 
Tables,” is a compendium of tables of 
gauges, weights, prices, and similar in 
formation. 
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Section III, ‘‘Electroplating,’’ covers 
cleaning and plating methods and tables 
of interest to electroplate rs. 

Section IV, “Directory,” is a listing of 
the British trade associations and a di 
rectory of manufacturers. 


I. V. WILLIAMs 


Recent Publications of the National 
Bureau of Standards 


The following publications of the Na 
tional Bureau of Standards have become 
available during the latter part of 1948 
Copies may be obtained at listed prices 
from the Superintendent of Documents, 
Government Printing Office, Washing 
ton, 25, D.C 

Strain Tester for Rubber, William L 
Holt, Ellis O. Knox and Frank L. Roth, 
S pp., 10 cents. 

Description of a tester for measuring 
the strain of rubber vuleanizates when 
subjected to predetermined stress. 

Dipole Moments and Molecular Associa 
tion of Some Picrates of Primary, Second 
ary and Tertiary Amines in Benzene and 
Diorane, Arthur A. Maryott, 6 pp., 10 
cents 

A study showing how dipole moments 
of primary, secondary and tertiary amine 
salts of picric acid in dilute solutions of 
benzene and dioxane were determined 
from measurement of the dieleetrice con 
stants of the solutions. 

Acid-Base Equilibrium Constant and 
Dipole Moment of Tribenzylammonium 
Picrate in Benzene from Measurements of 
Dielectric Constant, Arthur A. Maryott, 
3pp., lO cents. 

A determination of the equilibrium 
constant and heat of reaction for the dis 
sociation of tribenzylammonium pier: ate 
into pieric acid and tribenzylamine in 
benzene at 30° and 40°C. The dipole 
moments of tribenzylammonium picrate 
and of picrie acid were also computed. 

Barium Aluminate Hydrates, Elmer T. 
Carlson and Lansing 8. Wells, 7 pp., 10 
cents. 

Methods of preparation, optical prop- 
erties and x-ray diffraction data for six 
barium aluminate hydrates. 


Aliphatic Halide-Carbonyl Condensa 
tions by Means of Sodium, Edgar 
A. Cadwallader, Abraham  Fookson, 


Thomas W. Mears, and Frank L. 
ard, 8 pp., 10 cents. 

An investigation of a method for 
synthesizing highly branched aliphatic 
hydrocarbons by interaction of alkyl 


How 


halides and various carbonyl compounds 
in the presence of sodium. 
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Feature Section 


The Profession of Electrochemistry 


I. Electrochemical Engineering Invites the Young Graduate 


Colin G. Fink* 


Klectrochemical engineering is still the 
most inviting and now, more than ever, 
the most promising of all branches of 
engineering. The conversion of electro- 
chemical laboratory discoveries and 
laboratory experiments into industrial 
processes is a most fascinating field of 
endeavor as well as a lucrative one. 

The birth of the electrochemical in- 
dustry as we know it today occurred 
shortly after the introduction of the 
dynamo by Edison and Siemens toward 
the close of the 19th century. The 
Aluminum Compzny of America recently 
celebrated its 60th birthday. Electro- 
lytic copper refining is 72 years old; elee- 
trolytie alkali and chlorine 58; calcium 
carbide and ¢: urborundum 56; elemental 
phosphorus 55; Acheson gr: iphite 5 52; and 
cleetrie steel 50. It will be appreciated 
that the electrochemical industry com- 
prising the above, as we ‘ll as other prod- 
ucts, is still an “infant” although a giant 
one. Its age, less than three quarters 
of a century, is as nothing when com- 
pared with 3000 to 4000 years, the age of 
the chemical and thermal processes 
which these electrochemical processes 
displaced. 

Modern electrolytic copper of uniform 
purity and ductility is the very basis of 
our world wide electrical industry. 


Importance of Aluminum 


The metal which is most characteristic 
of the new met illurgy created by electro- 
chemistry is aluminum. Powerful 
electric currents pass through fluid baths 
of salts of aluminum ianaiaed at 
1000°C. Tons of pure silver white alumi- 
num metal collect at the cathodes. The 
metal is cast into ingots which are fabri- 

cated into a thousand different articles: 
structural parts for automobiles, rail- 
Ways, airplanes, ships, sky scrapers, 
cables, ete. ete. By a process similar to 
that for aluminum bright, light mag- 
nesium metal is today turned out by the 


* Head, Division of Electrochemistry, Columbia 
University, New York, 3. 
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ton. Then there is a long list of ferro 
alloys, such as ferro-silicon, ferro-chro- 
mium, ferro tungsten, that would be im- 
possible without the electric furnace, a 
major tool of the electrochemist. 

The list of commercial electrochemical 
products is now so long and varied that 
the young graduate may wonder as to 
what the future of electrochemistry holds 
for him. And our answer is: The pros- 
pects are extremely good. For example, in 
the field of the rarer metals, (zirconium, 
titanium, molybdenum, tungsten, beryl- 
lium, columbium, indium, thorium, and 
many more) the electrochemist is bound 
to discover new properties of these 
metals as well as new products. The 
young graduate with ambition and imag- 
ination is bound to succeed. He will 
discover products that will revolutionize 
modern industry and our modern way of 
living. Have you ever considered how 
badly handicapped we all would be if 
stainless steel, an electrochemical prod- 
uct, were no longer available? 
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Fe br uary 1949 


Visits With Some European Corrosion Experts 


Pierre Van Rysselberghe* 


In the winter of 1933 I had the privilege 
of attending a series of leetures and 
expernne ntal demonstrations on polarog 
raphy given by the founder of this sub 
ject, Professor Jaroslav Heyrovsky of 
Charles University in Prague, Czecho 
slovakia. Dr. Heyrovsky was at that 
time touring the United States and, for 
most of his auditors, the subject of 
polarography and the beautiful machine 
designed by him were revelations, al 
though the first publications in this field 
appeared as far back as 1922. 

Polarography has now developed into 
a most important and useful subdivision 
of electrochemistry and its literature is 
accumulating at a rapid rate. About 
five years ago, my collaborators and I 
undertook a series of systematic re 
seurches in the field of polarography, 
largely because we felt that the informa 
tion so obtained would be a valuable 
iddition to our studies along the more 
traditional lines of electrochemistry. 
We quickly realized, however, that 
polarographic research had so many 
important possibilities, independently 
of its connections with other phases of 
electrochemistry, that several members 
of our group started devoting the greater 
part of their time to it 


Polarography and Corrosion 


The remarkable features of the polaro 
graphic reduction of oxygen gave us the 
idea of basing upon it a study of the 
consumption of oxygen by mets als dipping 
in various aqueous solutions. We sub- 
mitted this idea to the Office of Naval 
Research in the spring of 1946. We also 
suggested that, besides oxygen, other 
polarographically reducible substances 
could be included (such as hydrogen ion, 
hydrogen peroxide, carbon dioxide, sul 
fur dioxide, etc.) in a general attack on 
the problem of corrosion by the polaro 
graphic method. The Office of Naval 
Research and the University of Oregon 
entered into a contract and since October 
1, 1946, we have been pursuing a program 
of research under the general title of 
‘*Polarographie Study of Corrosion Phe- 
nomena.’’ Except for possible renewal 


* Department of Chemistry, University of Oregon, 
Eugene, Oregon. 


beyond that date, the original contract 
has been extended to Oetober 31, 1949. 

Having accepted an invitation to 
present a paper on the ‘‘Application of 
the Polarograph to Corrosion Studies” 
at the Gordon Research Conference 
scheduled for the end of July, 1948, at 
Colby Junior College, New London, 
New Hampshire, it occurred to me that 
I might increase the number of contacts 
with corrosion experts by extending 
them all the way to Europe 


PIERRE VAN RyYsSSELBERGHE 


I was fortunate enough to obtain 
military air transportation through the 
very kind intervention of the Office of 
Naval Research. I thus traveled abroad 
for a period of about two months as a 
Naval Technician. My main purpose 
was to visit laboratories dealing with 
corrosion from fundamental electro 
chemical and thermodynamic view 
points. 

Being a newcomer to the field of cor 
rosion research and being perplexed by 
the fantastic size and the unwieldy 
character of corrosion literature, I 
wanted to ascertain to what extent 
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fundamental lines of study are being 
followed. Our own polarographic ap- 
proach is based upon fundamental physi- 
cal chemistry and, through a visit to 
Professor H. J. MeDonald’s laboratory 
at the Illinois Institute of Technology 
and attendance at the Gordon Research 
Conference on Corrosion, I was able to 
obtain a general picture of the use of 
fundamental physical chemistry in cor- 
rosion research in this country. It is, 
however, interesting to note that 
through the many interesting remarks 
by Drs. C. Wagner, W. Beck, and others 
at the Gordon Conferenee, much of the 
important European work was also 
brought into the discussion. 

Along with our polarographic work 
we have paid considerable attention to 
the thermodynamics of corrosion proc- 
esses and my associate, Dr. P. Delahay, 
has calculated and drawn about fifty 
potential -pH diagrams for systems 
water-metal and water-non metal of the 
type first used by Dr. M. Pourbaix of the 
University of Brussels, Belgium. 


Plans for Collaboration 


I was able to have prolonged conversa 
tions with Dr. Pourbaix both in Brussels 
and in England at the Faraday Discus- 
sion, and we made detailed plans for the 

eventual publication of an atlas of these 
dit iwrams. Dr. Pourbaix’s book of 1946 
his ~ been translated into E nglish (by Dr. 
J. a at the request of Dr. R. 

Evans of Cambridge Unive ba dl and 
into Italian (by Dr. R. Piontelli, then of 
the University but now of the Politecnico 
of Milan), both translations being due to 
appear within the coming months. 

In addition to these publication plans, 
Dr. Pourbaix and I outlined a project of 
international collaboration in the field of 
electrochemistry by which electrochemi- 
cal studies and their applications to 
corrosion would be carried out according 
to a coneerted program. A number of 
persons contacted by Dr. Pourbaix (such 
as Drs. W. G. Burgers at Delft, Holland, 

Juliard at Brussels,-R. Pointelli, and 
others) have expressed enthusiastic 
approval. Support may eventually be 
sought for UNESCO or one of the Com- 
missions of the International Union of 
Pure and Applied Chemistry. The re 
action of the members of The Electro- 
chemical Society would be heard with 
interest. In Brussels also discussions 
were held with Professor I. P rigogine on 
electrochemical thermodynamics. 

From Belgium I pr oceeded to Germany 
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where my main goal was to call on Pro- 
fessor G. Masing, the well-known corro- 
sion expert at the University of 
Géttingen. I found him actively en- 
gaged in polarization studies on alumi- 
num and other metals, but handicapped 
by serious material limitations in the 
way of equipme nt and current scientific 
literature. Fully aware of the con- 
stantly ine reasing interest in metals 
such as titanium and zirconium, Pro- 
fessor Masing intends to carry out de- 
tailed determinations of polarization 
curves for these metals. 


Conditions in Germany 


In the course of conversations with him 
and other Gottingen professors, the sad 
plight of German science, the nearly 
complete destruction of all but four of 
the academic chemical institutes (the 
four ‘‘survivors’” being Erlangen, 
Gottingen, Heidelberg, and Tiibingen) 
was brought home to me in a most de- 
pressing manner. A meeting scheduled 
for the end of August at the Technical 
University of Berlin-Charlottenburg, on 
“Seience, Technology, and Humanity” 
and to which I was to represent the 
American Chemical Society, was can- 
celed on account of the complicated 
situation in the former German capital. 
I thus kept clear of Berlin and, after 
visits in Frankfurt, Heidelberg and 
Stiittgart, | entered Switzerland with a 
feeling of definite relief. 

My first visit was to the control and 
research laboratories of the Aluminium 
Industrie Akt. Gesell. at Neuhausen am 
Rheinfall near Schaffhausen. 


Aluminum Plants in Switzerland 


The aluminum extraction and fabrica- 
tion plants are at Chippis in the Canton 
of Valais, the administrative offices in 
Lausanne. The admirably equipped 
corrosion and testing laboratories are 
under the direction of Professor A. von 
Zeerleder of the Swiss Federal Institute 
of Technology in Ziirich. I had a most 
interesting and useful visit under the 
guidanee of Drs. Herrmann and E., 
Zurbriigg. Most of the methods used in 
these laboratories are standard ones, but 
they are carried out with the greatest 
possible precision afforded by high- 
quality modern Swiss equipment. Elec- 
trochemical studies are not specially 
developed, the polarograph, for instance, 
being used only in a few routine ana- 
lytical procedures. The personnel 
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seemed toregret the lack of opportunities 
for fundamental research. Similar re- 
marks, both as regards the excellence of 
the equipment and as regards the absence 
of fundamental research, apply to the 
very interesting laboratories of Sulzer 
Brothers, the well-known firm associated 
with the development of the Diesel 
engine, at Winterthur, where | had a very 
instructive visit with Director Dinner, 
Chief Engineer Felix, and Chief Chemist 
Heuss. 

At Ziirich, besides a general tour of the 
extensive chemical laboratories of the 
Swiss Federal Institute of Technology, I 
visited in detail the corrosion section 
of the ‘‘Kidg. Materialpriifungs und 
Versuchsanst alt fiir Industrie, Bauwesen 
und Gewerbe,”’ directed by P rofessor P. 
Schlaipfer, w here I had a useful discussion 
with the assistant in charge of corrosion, 
Dr. A. Bukowiecki. I was favor: tbly 
impressed by the great thoroughness and 
novelty of the investigations being 

carried out in this laboratory. One of 
thelr important features is the constant 
concern with water and oxygen dissolved 
in corroding organic media. An im 
posing amount of useful data on solu 
bilities and rates of dissolution of water 
and oxygen in organic liquids will be 
forthcoming from this laboratory. 


Dr. Feitknecht’s Laboratory 


From Ziirich, I proceeded to Bern, the 
Swiss federal capital, where I visited 
Professor W. Feitknecht’s laboratory in 
the chemistry division of the University. 
Dr. Feitknecht’s work is rather well 
known in this country. Of all labora 
tories visited during my trip abroad, this 
one impressed me as being the most com- 
plete and systematic in its methods of 
attack on the general problem of corro 
sion. Noaspect of corrosion seems to be 
left out: examination of the exact compo 
sition and structure of the various 
corrosion products from the point of view 
of the chemistry of inorganic complexes 
in which Dr. Feitknecht is an expert, 
physical chemical investigations on loc al 
galvanic elements, x-ray and electron 
microscope examinations of the corrosion 
products (the electron microscope, of 
Swiss construction, being in use nearly 
twenty-four hours a day), simultaneous 
studies on aqueous and dry corrosion, 
etc. The assistants and research stu- 
dents all seemed extremely keen and had 
numerous useful ideas to discuss. I had 
a fruitful discussion with Dr. Wyler on 
the role of hydrogen peroxide and carbon 
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dioxide in corrosion, some of the observa- 
tions in the Bern laboratory being similar 
to our own. 

A visit was also paid to the physiology 
laboratory of the University, where the 
oscillographic of registering 
polarograms due to Dr. Weidmann was 
examined and discusse di in a most inter 
esting fashion with Dr. R. Staémpfli. A 
somewhat similar method is now being 
used in our corrosion research at the 
University of Oregon. 


Milan and Dr. Piontelli 


From Bern I took aside trip to Milan, 
Italy, for the purpose of calling on Pro 
fessor R. Piontelli, the well-known 
clectrochemist and recent contributor to 
this JOURNAL At that time Dr. 
Piontelli was still connected with the 
University of Milan but, as he then ex- 
pected, he has now joined the Politeenico 
as director of the advanced courses in 
electrochemistry, physical chemistry, 
and siderurgy, the post held until a few 
vears ago by the late Searpa. 

My visit with Dr. Piontelli was perhaps 
the most fruitful one of the whole trip 
I found in this distinguished scientist an 
endless source of useful information on 
the electrochemical theory of corrosion, 
on electrochemical thermodynmies, etc 
He has, moreover, the most complete 
private library on these and other physi 
cal chemical subjects that I have seen. 
There would be no better place to write, 
for instance, a history of thermo 
dynamics, a circumstance I hope to take 
advantage of in a not too distant future 
Dr. Piontelli is in very close touch with 
activities in electrochemistry and corro 
sion elsewhere in Europe and he would 
be an essential pivot in the international 
program mentioned above. 


Visits in France 


In France, my visits were all in, or 
close to, Paris. I had been told by 
several experts, particularly in Switzer 
land, that the best industrial corrosion 
laboratory, from the point of view of 
fundamental research, is that of the 
“Société d’Electrochimie, d’Eleetro 
mét: ulurgie et des Aciéries Klectriques 
d’Ugine”’ in the French Alps and that, in 
particular, the work of Guitton and 
Castro on stainless steels was of very 
great interest 

I was, unfortunately, unable to visit 
this laboratory but called at the head- 
quarters of the firm in Paris. This work 
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on stainless steels, as well as a great deal 
of other important French work, is avail- 
able in the journal Métaux et Corrosion 
which deserves to be better known in this 
country. Another interesting corrosion 
laboratory is that of the “Aluminium 
Frangais” at Chambéry. 


Corrosion Work at the Sorbonne 


The most active group in corrosion re 
search in France at the present time is no 
doubt that of Professor G. Chaudron of 
the Sorbonne. All the experimental 
work is earried out at the ‘‘Laboratoire 
Central des Traitements Chimiques,’’ an 
extremely well equipped organization 
located at Vitry-sur-Seine, very near 
Paris. Drs P. Lacombe and L. Moreau 
showed me in detail their respective 
divisions. Much of the work is based 
upon the use of large single crystals of 
metals. One of the main preoccupations 
in the corrosion work is the variation of 
properties with the degree of purity. 
The work done on high-purity aluminum 
and on electro-polished aluminum (for 
instanee the variations of dissolution 
potentials and of polarization curves 
resulting from increased purity and 
polishing) is of considerable interest. 
(See, for instance, Prof. Chaudron’s 
recent article on high purity aluminum 
in Helvetica Chimica Acta, 1948.) 


Industrial Chemistry Congress 


Among other contacts in France, I 
wish to mention an intere sting visit w ith 
Professor G. Valensi of the University of 
Poitiers, an authority on dry corrosion 
and an expert in applied thermody- 
namics, a visit to the corrosion labo- 
ratories of the ‘‘Ministére de |’ Air,’”’ and 
also an extensive visit to UNESCO head- 
quarters. From Paris I returned to 
Brussels, where, in the middle of Sep- 
tember, I attended the Congress of 
Industrial Chemistry. More than 
twenty countries were represented and I 
prese nted a condensatiqn of my commu- 
nication at the Gordon Conference. A 
very interesting discussion of the polaro- 
graphic method was held the next day. 

After leaving Brussels I returned to 
London where I had stopped briefly in 
carly August. My first visit was to the 
‘British Non-Ferrous Metals Research 
\ssociation”’ where the corrosion section 
is under the direction of P. T. Gilbert 
with R. May as adviser and senior in- 
vestigator. Director G. L. Bailey and 
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Research Manager A. G. Quarrell re- 
ceived me most kindly and I had the 
opportunity of extended discussions with 
a number of other staff members. Sum- 
maries of the many important corrosion 
os carried out in this laboratory are 

yailable in the Annual Report published 
in June, 1948. Our work on the role of 
hydrogen peroxide and carbon dioxide in 
corrosion was profitably discussed during 
my visit. Polarographic work was at 
one time attempted in this laboratory in 
connection with the role in corrosion of 
certain organic constituents of sea water. 


The Teddington Laboratory 


Another fruitful visit was that to the 
corrosion division of the ‘‘Chemical 
Research Laboratory, Department of 
Scientific and Industrial Research’’ at 
Teddington. This laboratory is a 
neighbor and close associate of the 
National Physical Laboratory. Corro- 
sion research is under the direction of 
Dr. W. H. J. Vernon with whom I had a 
very pleasant visit. An _ interesting 
connection with three corrosion experts, 
met during my trip, is the following: 
W.H. J. Vernon, W. Feitknecht, and R. 
May were classmates at the Imperial 
College, London, and were thus similarly 
trained. Dr. Vernon has given an ex- 
cellent summary of the activities of his 
laboratory in a communication at the 
‘Journées sur la Corrosion des Métaux’”’ 
in Paris. Dr. F. Wormwell showed me 
in detail the various investigations 
pursued at present in this laboratory 
He was interested by the possibilities of 
the polarographic method in the explora- 
tion of the first stages of corrosion to 
which the method of the late Dr. G. D. 
Bengough of this same laboratory cannot 
beapplied. Both here and at the British 
Non-Ferrous laboratory investigators 
are quite preoccupied with microbio- 
logical corrosion, the Teddington labo- 
ratory having a well developed section 
entirely devoted to it. Its role in 
underground corrosion seems to be 
fundamental. 


Attends Faraday Discussions 


Between visits to corrosion labora 
tories I attended the Faraday Society 
Discussion held this year in the beautiful 
estate now owned by the British Iron and 
Steel Institute at Ashorne Hill, near 
Leamington Spa, Warwickshire. The 
evening preceding the meeting, the 
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officers of the Iron and Steel Institute 
were hosts to the foreign participants of 
the Faraday meeting at a delightful 
banquet in the Hyde Park Hotel in 
London. The meticulous organization 
of the Faraday Discussion, its high level 
at all times, the program of excursions, 
and all the other features of this type of 
meeting should serve as examples to 
other seientifie organizations. The 
papers dealt with attempts at using 
exact physical chemistry in the field of 
high temperature reactions. The pre 
prints had been sent to the participants 
in advance and the sessions were devoted 
almost entirely to discussion. One of 
the main contributions to the program 
was that of Professor Chipman of 
Massachusetts Institute of Technology. 

As usual at meetings like this one of 
the most profitable activities was casual 
conversation outside of the regular 
sessions. I had the good fortune of 
meeting at Ashorne Hill a number of 
corrosion investigators. I wish to men 
tion in particular Dr. P. Herasymenko, 
one of the early collaborators of J. 
Heyrovsky in the field of polarography, 
who told me that, twenty years ago, he 
had suggested to some English metal- 
lurgists the use of the polarograph for 
the detection of hydrogen peroxide in 
corrosion reactions. His suggestion was 
not followed, but the idea is precisely 
one of the main features of our polaro- 
graphic corrosion research 


Dr. Evans’ Methods 


After the Faraday Discussion | went 
to Cambridge and called on Dr. U. R. 
Evans whose classical corrosion research 
is well known in this country. I was 
struck by the simplicity of his methods 
and ideas and he told me that he liked 
our polarographic method precisely 
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because of its simplicity. Dr. Evans’ 
laboratory reflects this striving for 
simplicity in its organization and equip 
ment. That such fundamental work as 
his can be carried out in this manner 
should be a lesson to the many workers 
who feel that they cannot accomplish 
anything unless they have the use of the 
most elaborate and expensive type of 
equipment. I also had a profitable visit 
with Dr. J. N. Agar whose work on re 
duction of oxygen on still mereury 
electrodes has interesting connections 
with ours. I had seen Dr. T. P. Hoar, 
collaborator of both Drs. Evans and 
Agar, at Ashorne Hill. 


Value of European Research 


As a whole, a trip like the one related 
in the foregoing paragraphs shows that 
there is a great deal of important and 
useful research in the field of corrosion 
being carried out in Europe at the 
present time in spite of the many ma 
terial difficulties resulting from the war. 
Much of this work, particularly that 
published in languages other than Eng 
lish, is insufficiently known in this 
country. Several continental scientists 
remarked to me that their work was 
apparently unknown in this country 
because it was not published in English. 
I cannot do better than to endorse Dr 
U. R. Evans’ comments on this matter 
in the November, 1948, number of 
Corrosion. 

Soon after my Cambridge visit I 
started my flight back to the United 
States, via Seotland, Iceland, and 
Labrador as on the way over, and, after a 
brief stop in Washington and a visit with 
my sponsors of the Office of Naval Re 
search, I found myself back to actual 
corrosion research and the many varied 
duties of a professor. 


Make Reservations Early for 


The 95th Meeting of The Electrochemical 
Society 


Held at the Benjamin Franklin Hotel in Philadelphia 
May 4, 5, 6, and 7, 1949 


Sessions on 
Luminescence, Rare Metals, and Theoretical Electrochemistry 
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| Survival Through Chemistry 


Men of good will who propose “Freedom from Want” and an American 
A standard of living for all of the people of the world do not comprehend the 
’ impossibility of accomplishing this goal without rigid control of population 
: growth. Even to maintain in this country alone the living standard to 
| which it has become accustomed will require greater intelligence in the 

management of our natural resources and a better public understanding 


r of the dangerous consequences of the misuse of lands, forests, and minerals. 
d Biologists have pointed out recently ir thought-provoking books that, 
= while the population of the world h... aoubled in the past hundred years, 
1- many millions of acres of land have become exhausted beyond hope of 
# recovery. There remains about one acre of arable land per capita to sus- 
y tain the world’s present population and the biotic potential of this land is 
~ declining steadily. The half acre of poor soil for each person in Puerto 
us Rico affords but miserable support to a population which has doubled 
; since this territory became an American possession. The nationalistic 
yr. spirit that leads nations to encourage population growth is fundamentally 


unsound; in the past it has led to wars and in the future it can lead only to 
starvation. 
There is no question that we have dissipated our resources as though we 


nd believed nature’s store-house inexhaustible or man’s ingenuity capable of 
sh supplying the deficiency. Scientists, upon whom must fall the task of 

te supplementing nature, have been the first to urge more effective conserva- 


tion measures, and they themselves have made many contributions in this 
direction. Biologists have shown how to obtain the optimum productivity 
of soils, and chemists have learned how to extract metals from low grade 
ores and how to utilize more fully and economically plant and animal 
~ | resources. The first step toward the release of larger acreages of land for 
food crops has been‘made possible by the chemical synthesis of clothing 
materials. Ultimately, however, it may be necessary to base the synthesis 
' of both food and clothing upon the more elemental substances, carbon 
dioxide, water, and air. A program of basic research should lead to a 
suitable process for the synthesis of carbohydrates, but for protein foods 
it may be necessary to depend upon the action of yeasts fed upon a diet of 
fixed nitrogen compounds. In any case, the discoveries of the coming 
— chemical age will have an important bearing upon man’s survival. 

R. M. B. 
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Current Affairs 


Excellent Program for Philadelphia 


One of the largest and most attractive 
technical programs in the history of the 
Society is planned for the Philadelphia 
meeting to be held from May 4th through 
May7th. More than seventy papers will 
be presented with adequate time for dis- 
cussion. Special features of the pro- 
gram will be three symposia on the sub- 
jects Luminescence, Rare Metals, and 
Theoretical Electrochemistry. In ad- 
dition, there will be miscellaneous papers 
on corrosion, electrodeposition, electro- 
winning, electro-organic chemistry, and 
batteries. While the regular symposium 
of the Corrosion Division has been 
moved to the fall meeting, the promise of 
four papers on corrosion, two of which 
are by such well known experts as R. B. 
Mears, W. A. Wesley and H. R. Copson, 
should attract those interested in the 
field. 


Symposium on Luminescence 


Since there are likely to be more than 
twenty papers on the general subject of 
luminescence, including contributions 


from several foreign scientists, this 
symposium will run a full day. 
Titles of some of the papers are: 
“High Valency Manganese as Activator 
of Luminescence’”’ 
“On the Decay of Phosphorescence and 


the Mechanism of Luminescence of 
Zine Sulfide Phosphors”’ 

“Chemical Proof of the Presence of 
Chlorine in Blue Fluorescent Zine 
Sulfides”’ 

“The Preparation of Luminescent 
Screen”’ 


‘‘The Use of Fluorescent Dyes as Tracers 
in Biology and Medicine”’ 

“Double and Triple Activated Mag- 
nesium Pryophosphate Phosphors’’ 

“Calcium Halo Phosphate Phosphor”’ 


Symposium on Rare Metals 


A large number of papers have been 
received for the Symposium on Rare 
Metals, assuring that this program 
sponsored by the Electronics Division 
will be asuccessful one. Papers received 
indicate that the program will cover in- 
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teresting discussions of such metals as 
cerium, tellurium, platinum, titanium, 
silicon, germanium, lithium, and tanta- 
lum. 


Symposium on Theoretical Electro- 
chemistry. 

This welcome addition to the Phila- 
delphia program has elicited much favor- 
able response from members and those 
contributing papers. A generous amount 
of time will be allotted to the presenta- 
tion of each of the papers in this group 
and, from all indications, the discus- 
sions of these papers will be stimulating. 
Titles of some of the papers which will be 
included on the program are: 

“Some Observations on the Potential of 
the Manganese Dioxide Electrode’”’ 
“The Role of Natural Convection in 

Electrolytic Processes” 

“The Electrodeposition Behavior of 
Simple Ion’”’ 

‘A Study of the Separation of a Trace of 
Silver from a Macro Amount of Pal- 
ladium by Electrolysis’ 

“The Electron Affinity of the Carbon 
Atom”’ 

“Applications of Electrophoresis to 
Allergy”’ 

“Thermionic Emission from Carbon’’ 


Round Table Discussions 


Among the round table discussions 
that are creating keen interest as a part 
of the Phil adelphia program are the 
Industri: ul Electrolytic Division’s ses- 
sion on ‘‘Materials of Construction for 
Chlor-Alkali Plants,’’ and the Electro- 
thermic Division’s discussion on ‘‘Spe- 
cial Melting Techniques for Metals.” 

The discussion on ‘‘Materials of Con- 
struction for Chlor-alkali Plants’’ will 
be considered from two angles, namely, 
(1) from the standpoint of requirements 
of various processes, and (2) from the 
standpoint of the properties of various 
processes. 

Chlor-Alkali producers and equipment 
suppliers will have the opportunity of 
drawing upon the experience of many 
experts in the field for the discussion of 
their problems. 

Since time is short, and the scope of the 
round table unlimited, it would be help- 
ful in the preparation ‘of a rough outline 
to have suggestions or contributions of 
special interest communicated, in ad- 
vance of the meeting, to the S Secretary of 


Photos courtesy of Philadelphia Convention & 
Visitors Bureau. 
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the Division: M. 8. Kircher, Hooker 
Electrochemical Company, Niagara 
Falls, New York. 

The round table on “Special Melting 
Techniques for Rare Metals’’ will be 
held in conjunction with the symposium 
on ‘Rare Metals,”’ ee by the 
Electronics Division. Mr. N. E. Promi- 
sel, Navy Department, Bure: - ‘of Aero- 
nauties, will act as moderator. An- 
nouncements of the panel members for 
this round table discussion will be made 
before the meeting. The committee 
anticipates considerable participation. 


Attractive Program for the Ladies 


A ladies’ committee has been organized 
by Dr. Harry Alsentzer, Chairman of the 
Entertainment Committee, to arrange 
the various activities for each day of the 
Convention. The plans are being en- 
larged at present and a very attractive 
program is expected to result. 

On Thursday morning, May 5th, there 
will be a get-acquainted gathering, fol- 
lowed by a special luncheon at one of the 
city’s interesting restaurants at which 
time the ladies will be the guests of the 
Philadelphia section. For the afternoon 
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a trip has been arranged to a number of 
points of interest in Philadelphia and 
vicinity. On Thursday evening the 
ladies will attend the President’s Recep- 
tion and Dinner. 

Friday morning will probably be 
reserved for individual sightseeing trips 
and shopping. Philadelphia’s stores and 
specialty shops as well as its many 
famous landmarks provide ample op- 
portunity. On Friday, also, there will 
be a luncheon for the ladies at one of the 
historic colonial hostelries near Phila- 
delphia, and in the afternoon a visit to 
the famous Du Pont Gardens at ‘“‘Long- 
wood.”’ 

The Entertainment Committee is 
making every effort to see that this pro- 
gram will be most enjoyable, and further 
details will appear in the Journal as they 
are completed. 


Plant Trips 


On Friday afternoon, an opportunity 
will be given to take one of two plant 
visits. The first trip will be to the plant 
of Leeds and Northrup Company, manu- 
facturers of scientific instruments. The 
second trip will be to the new labora- 
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tories of the Pennsylvania Salt Manu- 
facturing Company, which are housed in 
the former palatial residence of I. T. 
Stotesbury at Whitemarsh. From there, 
those on the trip will go the Eastern 
Regional Research Laboratory of the 
U.S. Department of Agriculture. 


General Entertainment 


The President’s Reception and Dinner 
will take place on Thursday evening, 
May 5th, and will be followed by dancing. 

On Friday evening, May 6th, following 
the plant trip, a buffet supper will be 
served which will be followed by an even- 
ing of entertainment arranged by the 
Philadelphia Section. This, we are as- 
sured, will be fully up to the standards 
which have been established in the past. 


Complete Program 


The program booklet with complete 
details of the technical and social fea- 
tures planned for the convention and 
hotel reservation cards will be mailed to 
members about April Ist. In the mean- 
time it will be well to underscore May 4, 
5, 6, and 7 on the calendar for these will 
be red-letter days for all electrochemists. 


CONVENTION CoMMITTEE MEETS TO PROMOTE PHILADELPHIA PLANS 


Seated (left to right): H. Jermain Creighton, Hiram S 
Standing (left to right): 


Ernest G. Enck, Chairman. 


Lukens, Russell P. 
Arthur Osol, Edgar L. I 


feldt, Milton B. Barba, John F. Gall, J. F. Hazel, A. A. Ware, Harry A. : Padirnes 
Other Committee members not shown in picture: R. H. Cherry, J. L. Crenshaw. 
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Section News 
Detroit Section 


The Detroit Section continued its 
1949 program at the Sheraton Hotel in 
Detroit on January 21st. The speaker 
at this time was Dr. Robert Gessell of 
the Physiology Laboratory of the Uni- 
versity of Michigan. The topic for dis- 
cussion was ‘“‘Some Electrochemical As- 
pects of Neuro-Physiology.”’ 

Dr. Gessell’s talk dealt mainly with 
the physiology of the neurone and 
an PP mpt to show how the nerve cell 
body, its dendrites and neuraxon and 
its synapses function. He began with 
a description of Galvanic experiments 
indicating the existence of animal elec- 
tricity and followed with confirmatory 
experiments. He then discussed the 
nature of the nerve impulse and the 
mechanism of its transmission, relating 
the structure of the nerve cell body, and 
its dendrites to the function of the neu- 
rone. Dr. Gessell advanced the idea that 
the long employed theory of synaptic 
transmission of nerve impulses through 
reflex ares is incompatible with known 
facts and offered in its place a theory of 
neurocellular generation of nerve im- 
pulses. According to this theory the 
nerve cells and their dendrites serve as 
electrochemical generators of nerve im- 
pulses. In conclusion, he considered the 
source and physiological gradation of 
the intensity of this current of genera- 
tion of nerve impulses. 

M. L. Bary, Secretary-Treasurer 


New York Metropolitan Section 


The Winter Dinner Meeting of the 
New York Metropolitan Section was held 
on — iry 2nd at the Holley Hotel, 
New York City. 

A social period preceded the dinner, 
and the technical meeting followed with 
Mr. J. H. Winkler, Technical Advisor, 
Battelle Memorial Institute, delivering 
an address on “Ree ent Advancement of 
Printing Products.’ 

Mr. Winkler has had seventeen years’ 
experience in commercial plate produc- 
tion for letter press printing and twelve 
years’ experience in printing production 
research, originally at the National 
Bureau of Standards and recently at 
Battelle Memorial Institute. He is the 
author of many articles pertaining to the 
graphic arts. 

In his talk, Mr. Winkler gave a very 
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interesting review of the history of print- 
ing and its present status in our society. 
It is now a 4.5 billion dollar industry, and 
if paper pulp is included, it is approxi- 
mately 9 billion doll: ws. This latter 
bracket puts printing near the top of 
U.S. industries. Because of economic 
pressure, the industry has been forced to 
do research on new methods. The 
speaker reviewed present production 
processes, new developments, and possi- 
bilities for the future. Important 
among recent research achievements is 
the new Battelle development of xerog- 
raphy and xeroprinting which Mr. Wink- 
ler explained. Exhibits of these and 
other developments were shown with the 
explanations. 

J.S. Mackay, Secretary-Treasurer 


Philadelphia Section 


The second meeting of the 1948-49 year 
of the Philadelphia Section was held on 
January 5th in the Harrison Laboratory, 
University of Pennsylvania. A dinner 
at the Lenape Club in honor of the 
speaker, Professor Hiram 8S. Lukens, 
preceded the meeting. 

Dr. Lukens, Blanchard Professor of 
Chemistry and Director of the Depart- 
ment of Chemistry and Chemical Engi- 
neering at the University of Pennsyl- 
vania, has been active in the affairs of 
The Electrochemical Society and was its 
thirty-first president. He has pioneered 
many developments in both theoretical 
and applied electrochemistry. 

Professor Lukens addressed the Sec- 
tion on ‘A New Method of Eliminating 
Porosity in Electrodeposited Metals.” 
The talk dealt with the effect of various 
factors on the corrosion resistance of 
silver plate with steel as the basis metal. 
The speaker’s interest in the problem was 
traced to his association with the War 
Metallurgy Committee at the time the 
latter was assigned the job of improving 
the tableware used by the armed 
services. 

The effects of plate thickness and of the 
presence and quality of the undercoat on 
the porosity and corrosion resistance 
were discussed. It was shown that 
polarization of the silver plate as anode 
in a chloride bath resulted in the forma- 
tion of silver chloride and silver oxide. 
Heating decomposed the silver oxide and 
melted the silver chloride. The latter, 


because of its good wetting properties, 
flowed over the metal and filled the pores 
of the silver plate. 

About forty-four members were pres- 
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ent at the dinner and about seventy 
attended the technical meeting. 
J. F. Hazen, Secretary 


San Francisco Section 


A dinner meeting was held by the San 
Francisco Section at the St. Julien 
Restaurant, San Francisco, on January 
19th. 

Dr. A. C. Byrns, Director of Research 
at The Permanente Metals Corporation, 
addressed the meeting on the subject 
“The European Aluminum Industry.” 
The basis of Dr. Byrns’s discussion was a 
recent trip to Europe to observe the 
operation and development work of 
aluminum reduction plants in England 
and France. Part of his talk concerned 
his observations of political and eco- 
nomic conditions in these countries 
and also the differences in development 
technique and the method of application 
of new ideas between English, French, 
and American aluminum producers. 
The remainder of the discussion con- 
cerned the basic principles and design of 
aluminum cells and the more recent de- 
velopments in their design, both Ameri- 
can and European. 

The talk evoked keen interest and was 
followed by a lively question and answer 
period. 

The frequent and pleasurable meetings 
of the San Francisco Section augur well 
for its continued growth and success. 

R. F. Becuro.p, Secretary-Treasurer 


Future Meetings of 
Other Organizations 


Third International Lighting Exposition 
and Conference, Hotel Stevens, Chi- 
cago, Illinois, Mareh 29-April 1. 

19th Annual Safety Convention and 
Exposition, Hotel Statler, New York 
City, March 29-April 1. 

American Gas Association, distribution, 
motor vehicle, and corrosion confer- 
ence, Netherland Plaza Hotel, Cin- 
cinnati, Ohio, April 4-6. 

Edison Electric Institute, 15th annual 
sales conference, Edgewater Beach 
Hotel, Chicago, Lllinois, April 5-7. 

National Association of Corrosion Engi- 
neers, annual corrosion conference, 
Netherland Plaza Hotel, Cincinnati, 
Ohio, April 11-14. 

National Electrical Wholesalers Associa- 
tion, 41st annual convention, Nether- 
land Plaza Hotel, Cincinnati, Ohio, 
May 1-6. 

American Gas Association production 
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and chemical conference, Hotel New 
Yorker, New York City, May 23-25. 

American Society of Refrigerating Engi- 
neers, 36th spring meeting—cruise, St. 
Lawrence and Saguenay Rivers, start- 
ing from Montreal, June 5-9. 

American Institute of Electrical [Engi- 
neers, summer general meeting, New 
Ocedh House, Swampscott, Massa- 
chusetts, June 20-24. 

American Society of Heating and Venti- 
lating Engineers, semiannual meeting, 
Minneapolis, Minnesota, June 21-23. 


Uhlig Appointed Editor 


By action of the Board of Directors, 
Professor Herbert H. Uhlig of Massa- 
chusetts Institute of Technology will 
become editor of the JouRNAL and 
Transactions of The Electrochemical 
Society on April Ist. At the same time, 
Miss Eleanor Reid will become managing 
editor; Professor H. B. Linford of Co- 
lumbia University and Mr. U. B. Thomas 


H. H. 


of Bell Telephone Laboratories will be- 
come associate editors. Dr. R. M. 
Burns, the present editor, will continue 
his association with the Society’s publi- 
cations in the capacity of editorial con- 
sultant. 

Professor Uhlig, who is director of the 
Corrosion Laboratory at the Institute, 
has been a member of the Society since 
1938. He was editor-in-chief of the 
Corrosion Handbook which is proving so 
popular. 


4 
ag 
in 
me 
me 
lor 
ch 
Pe 
Dr 
G. 
| 
of 1 
tor 
aut 
tire 
as 


M. 
ue 
yli- 
on- 


the 
ite, 
nce 
the 
SO 


Vol. 95, No. 3 


Board Chairman of Dorr Company 


Dr. John Van Nostrand Dorr was 
elected Chairman of the Board of The 
Dorr Company, internationally known 
engineering firm, and Elmer R. Ramsey 
succeeded to the presidency. The an- 
nouncement was made on January 24th 
at a dinner given in their honor at the 
University Club, New York, by some 
fifty senior members of the staff. Dr. 
Dorr is the founder of the Dorr Company 
and has been its president for nearly 
forty years. 


JoHn Van Nostranp Dorr 


he Dorr, an early associate of Thomas 
Edison, is widely known for his in- 

of equipment and processes 
used in continuous unit oper: itions in ore 
dressing, chemical operations, and sew- 
age and water purification. They are 
in use throughout the world and have 
made possible the large production of 
metals from low-grade ores. He has 
long been a member of The Electro- 
chemical Society and is a holder of the 
Perkin Medal and other medal awards. 


Dr. Dushman Retires from 
G-E Research Laboratory 


Dr. Saul Dushman, assistant director 
of the General Electric Research Labora- 
tory since 1928, and an international 
authority on high- -vacuum research, re- 
tired December 31, 1948, after 37 years 
as a G-E scientist. Dr. Dushman will 
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return to the laboratory in the spring as 
a consultant. 

Dr. Dushman’s early work was in the 
field of electron emission from hot fila- 
ments, which provided basic information 
in the development of electron tubes. 
He then began to investigate the produc- 
tion of high vacuum. This continued to 
the present and made him an inter- 
national authority in this field. 

Another outstanding quality of Dr. 
Dushman’s is his deep interest in the 
human side of laboratory activities. 
Because of his efforts for the welfare of 
the members of the staff, he became 
known as unofficial ‘‘dean of men’’ and 
was described by his colleagues as ‘‘the 
laboratory’s greatest morale builder.’’ 


Personals 


V.8. DE BEAUSSANT recently went to 
Shanghai, China, in the employ of the 
J. G. White Engineering Corporation. 
Mr. De Beaussant spent some time in the 
United States during the past year, after 
returning from India, where he went 
after the war. 


FRANK M. CLARK of the General 
Electric Company has transferred from 
the company’s plant at Pittsfield, Mas- 
sachusetts, to the Research Department 
of the company at Schenectady, New 
York. 


BERNARD A. GRUBER is now on the 
staff of Battelle Memorial Institute, 
Columbus, Ohio. Mr. Gruber was form- 
erly in the Plating Laboratory of the 
Harshaw Chemical Company at Cleve- 
land, Ohio. 


FRED P. PETERS, formerly Editor-in- 
Chief of Materials & Methods, Reinhold 
Publishing Corporation, has been elected 
a Vice-President of the Corporation and 
Publishing Director of the Book Divi- 
sion. 


A. L. PIETROWICZ, together with his 
associates R. E. Driscoll and J. W 
Fogarty, announces the opening of the 
plant and offices of Cover-Rite, Inc., at 
1714 West Division Street, Chicago, 
Illinois. The new firm will specialize in 
all kinds of plating and metal finishing. 
Mr. Pietrowiez was formerly with the 
Chicago Plating Company. 


T. L. RAMA CHAR, a member of this 
Society connected with the Indian 
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Institute of Science at Bangalore, has 
been elected an associate of the Institute 
of Physics of London. It is of great 
interest to note that Dr. Rama Char is 
undertaking the organization of a Local 
Section of the Electrochemical Society 
with headquarters at Bangalore. 


FRANCIS M. TURNER, who has been 
Publishing Director of the Book Division 
of Reinhold Publishing Corporation 
since 1915, is relinquishing this post in 
order to give special attention, as Vice- 
President of the company, to author 
contacts. 


CHARLES A. MARLIES 


It is with sincere regret that we 
report the untimely death at the 
age of 43 of Dr. Charles A. Marlies, 
Associate Professor of Chemical 
Engineering at the College of the 
City of New York. 

Dr. Marlies was graduated from 
The City College and Columbia 
University receiving his Ph.D. 
degree from the latter in 1935. He 
taught at City College for many 
years, first in the Department of 
Chemistry, and more recently in 
Chemical Engineering. 

Dr. Marlies was a visiting pro- 
fessor at New York University for 
several years, and president of the 
City College Engineering Alumni 
at his death. He was a former 
chairman of the New York Bureau 
of Cooperative Medicine and a 
former president of the Group 
Health Cooperative. 

In addition to The Electro- 
chemical Society, of which he was 
chairman for the New York Sec- 
tion in 1938, Dr. Marlies was a 
member of many scientific groups 
and wrote extensively on topics in 
his field. He was co-author of the 
recently published ‘‘Principles of 
High-Polymer Theory and Prac- 
tice.” 


Volumes Available 


Dr. B. B. Baschkin has a set of the 
“Zeitschrift f. Elektrochemie’’ 1900- 
1938, and the General Register 1905- 
1924, which he is offering for sale. Dr. 
Baschkin’s address is: Syracuse Uni- 
versity, Skytop M.R. 16, Syracuse, New 
York. 
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New Members 


At the meeting of the Executive Com- 
mittee held on January 5, 1949, at the 
office of The Electrochemical Society, 
Inc., 235 West 102nd St., New York 
City, the following were elected to mem- 
bership: 

WILLIAM KARL ACKERMANN, mail- 
ing add.: Ray-O-Vac Company, 212 E. 
Washington Avenue, Madison, Wiscon- 
sin (Batteries and Corrosion 

V. ARAVAMUTHAN, Indian Institute 
of Science, mailing add.: 1850/2 Ambal- 
puram, Sandapettai, Pudukotah, (Via) 
T richinopoly : South India (Electro- 
thermic) 

JOSEPH H. AREHART, Electroforming 
Division, U. S. Rubber Company, 
mailing add.: 120 East Avenue, Nor- 
walk, Connecticut (Electrodeposition) 

CARLOS CAVA DE LLANO, Auxiliar 
Textil Alba, S. A., mailing add.: 
Herzegovino, 28 bis 1°, Barcelona, 
Spain (Theoretical Electrochemistry, 
Organic Electrochemistry, and Elec- 
trodeposition ) 

DANIEL CUBICCIOTTI, JR., mailing 
add.: Department of Chemistry, Illi- 
nois Institute of Technology, 3300 8. 
Federal Street, Chicago 16, Illinois 
(Theoretical Electrochemistry and 
Corrosion) 

HERBERT WILLIS DENT, JR., 
American Cast Iron Pipe Company, 
mailing add. : 5901 First Avenue North, 
Birmingham, Alabama (Corrosion) 
SAMUEL HAROLD DREISBACH, Uni- 
versity of Michigan, mailing ‘add.: 
1014 Cornwell Place, Ann Arbor, 
Michigan (Theoretical Electrochem- 
istry and Electrodeposition ) 

WILLIAM NEVIUS DUNLAP, JR., 
Michigan Chrome & Chemical Com- 
pany, mailing add.: 1735 Llovd Ave- 
nue, Royal Oak, Michigan (Theoreti- 
cal Electrochemistry, Corrosion, and 
Electrode ‘position 

ROBERT CHARLES DUNN, The 
Permanente Metals Corporation, mail- 
ing add.: 1047 Orange Avenue, San 
Carlos, California (Theoretical Elec- 
trochemistry, Electrodeposition, and 
Electrothermics) 

FRANK M. GOYAN, University of 
California, mailing add.: 625 Ashbury 
Street, San Francisco 17, California 
(Theoretical Electrochemistry) 

MILTON B. HAMMOND, Standard 
Steel Spring C mailing add.: 317 
Meadow Lane Edgeworth, Sewickley, 
Pennsylvania (Electrodeposition and 
Theoretical Electrochemistry ) 
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GEORGE 8. HARTMAN, Electric Stor- 
age ate Company, mailing add.: 
1820 W. Ontario Street, Philadelphia 
40, Pennsylvania (Batteries) 

EDWARD FRANCIS HENSLEY, The 
Dow Chemical Company, mailing 
add.: Route 2, Box 381 B, Concord, 
California (Organic Electrochemistry, 
Corrosion, and Alkali and Chlorine) 

JOHN BRANDT HOLLOPETRE, Gen- 
eral Electric Company, mailing add.: 
1202 Worton Boulevard, Cleveland 24, 
Ohio (Electronics) 

ANDREW JOSEPH HUMPHREY, Car- 
bide & Carbon Chemicals Corporation, 
mailing add.: Route *3, Concord, Ten- 


nessee (E lectronics and Industrial 
Elee trolytic ) 
HUGH KENNETH LANCASTER, 


mailing add.: Cia Minera Aguilar, 


Via Tres Cruces, FCCNA, Pcia de 
Jujuy, Argentina, South America 
(Eleetrodeposition and Electrother- 


mic 

HENRY FRANCIS MYERS, mailing 
add.: Columbia Steel Company, Pitts- 
burg Works, P. O. Box 471, Pittsburg, 
California (Theoretical Electrochem- 
istry, Corrosion, and Electrodeposi- 
tion 


Book Review 


QUANTITATIVE ANALYsIs by W.C. Pierce 


and E. L. Haenisch. John Wiley & 
Sons, Ine. 440 Fourth Ave., New York, 
16, N. uf Third Edition, xiv plus 520 


pages; 36 Figures. 6” x 9}” 
22.7 em.) 1948. Price $3.75. 


(15 xX 


The chief changes in the third edition 
relative to the second are as follows: (1) 
A brief section on Hydrolysis from the 
Appendix of the second edition has been 
expanded to form Chapter 10 (6 pages) 
entitled ‘“‘Complex Equilibria.”” The 
subject matter is, however, hydrolysis 
and not complex-formation. (2) A brief 
section, pp. 259-262, is now to be found 
in Chapter 14, on Potassium Bromate as 
a volumetric oxidant. (3) A new Chap- 
ter, 19, on Colloids and the Formation 
and Properties of Precipitates has been 
constructed by expanding a portion of 
Chapter 17 of the second edition. (4) 
Chapter 20 (4 pages) has been added on 
A Summary of Errors in Gravimetric 
Analysis. (5) In Chapter 21, Gravi- 
metric Analysis of Simple Mixtures, a 
brief section on Organic Reagents has 
been added (pp. 402-403). (6) The 
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chapter on Colorimetry is not included 
in the third edition. (7) The convention 
regarding the sign of electrode poten- 
tials has been shifted to the standard 
reduction potential basis. 

Much of the expansion, i.e. 520 pages 
vs. 462 in the preceding edition, is due to 
the foregoing changes, and also to the 
inclusion of more problems and numeri- 
cal illustrations; in addition the modified 
sections tend to a more detailed manner 
of presentation. Rather few changes 
were noted in illustrations, laboratory 
work or theoretical sections. 

Some misle: ading statements persist in 
spite of the revision. A few samples 
are: Constituents are referred to in a 
number of instances where components 
are implied, pp.1, 198. On p. 203 a mis- 
leading presentation is given of the con- 
cept of the equivalent weight of a sub- 
stance in an oxidation-reduction process. 
A logical deduction from the statement 
as written might be that the equivalent 
weight of arsenious oxide is } rather than 
the correct value } of the molecular 
weight, since arsenite ion loses two 
electrons in the titration process. On 
p. 206 the term ‘‘valence number’’ is 
used rather than the more generally used 
and less confusing term, oxidation num- 
ber. On p. 218 a number of incomplete 
ionic equations are written in the gon- 
fusing form Fet* = Fet*t+, Ut+++ = 
UO,**, etc. ete. The style is col- 
loquial in many places; for example, on 
p. 3 occurs the advice: ‘‘You should at 
all times be clean and neat in the labora- 
tory.”’ 

As a whole this edition has remained 
very conservative both as to theory and 
experiments, which are limited to titra- 
tions, and gravimetric determinations. 
Rather few references to original litera- 
ture are included, and very few of these 
of recent origin. The text gives little 
intimation that there might be many 
interesting techniques of analysis other 
than titration or gravimetric determina- 
tion. 

N. Furman 


Volumes Available 


The Society has been notified that Dr. 
O. L. Kowalke has a complete set of the 
TRANSACTIONS, with three decennial 
indexes, for sale. Those who are inter- 
ested may write to Dr. Kowalke at the 
Chemical Engineering Building, Uni- 
versity of Wisconsin, Madison 6, Wis- 
consin. 
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NACE Announces Publications 


Announcement has been made that the 
fourth issue of the “Directory of The 
American Coordinating Committee on 
Corrosion,’’ published in October, 1947, 
is now available from the National 
Association of Corrosion Engineers, 905 
Southern Standard Building, Houston 2, 
Texas. 

This Directory lists the names, ad- 
dresses, and fields of special endeavor of 
many of the principal corrosion workers 
in the United States and Canada. There 
is a cross-index system so arranged that 
the name and address of a specialist in 
some particular phase of corrosion, may 
readily be found. The Directory con- 
sists of four parts: Section I, a subject 
index; Section II, an alph: ibetical index 
of individuals including addresses; Sec- 
tion III, an alphabetical index of organ- 
izations and companies; and Section IV, 
a numerical serial number listing of in- 
dividuals. Section I is an alphabetical 
listing of corrosion subjects, under each 
of which are given the reference numbers 
of authors (listed in Section IV) who 
have contributed to each of the sub- 
jects listed. Also, each corrosion sub- 
ject is given a marginal reference num- 
ber that is used to indicate the corrosion 
subject on which each individual (listed 
in Section IT) has contributed. 

Although the Directory was compiled 
and published by the American Coordi- 
nating Committee on Corrosion, through 
cooperative arrangements made between 
the ACCC and NACE, it is being offered 
for sale by the National Association of 
Corrosion Engineers at $2.00 per copy, 
the price determined by the ACCC. 

The National Association of Corro- 
sion Engineers has also recently an- 
nounced publication of ‘Bibliographic 
Survey of Corrosion— 1945,” by Robert 
D. Misch, James T. Waber, and Hugh 
J. MeDonald, all of the Corrosion Re- 
search Laboratory, Illinois Institute of 
of Technology, Chicago, Illinois. Con- 
taining 129 pages, the cost of the book to 
members of NACE is $4.00; to others, 
$5.00. 

This volume contains approximately 
1100 references to published articles re- 
lating to corrosion, and 170 references to 
patents that appeared from January, 
1945, to February, 1946, inclusive, in the 
following publications: Chemical Ab- 
stracts, Corrosion, Corrosion and Material 
Protection, Engineering Index, Industrial 
Arts Index, and Metals Review. 


The abstracts are divided into two 
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classes, general material and patents. 
Each class is divided into nine main 
groups as follows: (1) types of attack, 
(2) investigations in corrosion, (3) ef- 
fects of specific media, (4) effects in 
specific equipment, (5) resistance of 
materials, (6) methods of prevention, 
(7) coatings, (8) removal of corrosion 
roducts, and (9) general and miscel- 
aneous considerations. 

The next volume of abstracts is now 
being planned to contain references to 
corrosion literature published in 1946 
and 1947, with subsequent volumes for 
each year as abstracts are reviewed, as- 
sembled, and edited for publication. 


Recent Publications of 
National Bureau of Standards 


Copies of the following publications of 
the National Bureau of Standards may 
be obtained at listed prices from the 
Superintendent of Documents, U. 8S. 
aha” Printing Office, W ashington 


©. 


Table and Mollier chart for ammonia 
below on Cyril H. Meyers, 3 pp., 10 
cents (C472) 

This paper contains a table of thermo- 
dynamic properties of saturated am- 
monia vapor and liquid below —60°F., 
and a Mollier chart for saturated and for 
superheated ammonia vapor covering the 
pressure range 0.8 to 5 lb. per sq. in. 


Electrode function (pH response of the 
soda-silica glasses), Gerald F. Rynders, 
Osear H. Grauer, and Donald Hubbard, 
6 pp., 10 cents (RP1923). 

A series of soda-silica glasses was 

studied for durability, hygoscopicity, 
glass electrode function, and apparent 
response to (Na+). Depending on the 
percentage of silica, these glasses show 
three distinct regions of durability 
characteristics at pH 4.6 


Concentration of isotopes of mercury in 
countercurrent molecular stills, Samuel L. 
Madorsky, Paul Bradt, and Sidney 
Straus, 6 pp., 10 cents (RPI9I18). 

Mercury 204 was concentrated by 
refluxing in countercurrent molecular 
stills. Two glass stills, with heater and 
cooler outside the distillation columns, 
and one still, consisting of a glass column 
heated externally and a stainless-steel 
cooler placed concentrically inside the 
column, were used. Mass-spectrometer 


analyses of isotope ratios of the mercury- 
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isotope concentrates were in good agree- 
ment with density determinations. 


Thickness of inhibiting films on glass 
electrode surfaces, Donald Hubbard and 
Gerald F. Rynders, 6 pp., 10 cents 
(RP1915). 

The glass electrode gave conspicuous 
voltage departures (errors) and alterna- 
tions (swelling) of the surface that were 
just detectable by the interferometer. 
The inhibiting effect of films of electric 
conductors, such as metallic silver, is 
qualitatively compared with the inhibit- 
ing effect of films prepared from electric 
nonconductors. 


Mass spectrometric investigations of the 
thermal decomposition of polymers, Leo 
A. Wall, 8 pp., 10 cents (RP1928). 

Application. of the mass spectrometer 
to the study of the thermal decomposi- 
tion of polymers. 


Mining and Metallurgical 
Congress, July, 1949 


The Fourth Empire Mining and Metal- 
lurgical Congress, convened by the Em- 
pire Council of Mining and Metallurgical 
Institutions, will be held in Great Britain 
from July 9 to 23, 1949. 

The chief object of the Congress is to 
afford an opportunity for scientists, 
engineers, and others concerned with the 
mining and metallurgical industries to 
meet and discuss technical progress and 
problems, including the development of 
the mineral resources of the Common- 
wealth. 

The program will be divided as follows: 


July 9-12, London. Inaugural Meeting, 
Government Reception, Banquet, and 
some excursions. 

July 13-17, Oxford. Technical Sessions. 
The main subjects for discussion will 
be: Mineral Resources of the Common- 
wealth, Modern Methods of Prospect- 
ing, Problems Relative to Workers in 
Mines, Petroleum, Coal, Trends in 
Mineral Dressing, and Metallurgy and 
Metallurgical Industries. 

July 18-23, Excursions. Visits will be 
made to collieries, iron and _ steel 
works, hydro-electric schemes, ship- 
building yards, and other places of 
both technical and historical interest. 


Further information may be obtained 
by writing to: The Joint General Secre- 
taries, Fourth Empire aang and 
Metallurgical Congress, 436, 
House, Finsbury Circus, London, E.C.2. 
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Jet Propulsion Fellowships 


Six $2,000 Jet Propulsion Fellowships 
are to be awarded annually by the Daniel 
and Florence Guggenheim Foundation, 
for postgraduate study at the Daniel and 
Florence Guggenheim Jet Propulsion 
Centers, established in 1948, at Princeton 
University and California Institute of 
Technology. 

Three of the fellowships are for study 
at Princeton and three for study at Cali- 
fornia. The applicant is asked to state 
which of these universities he would pre- 
fer to attend, and whether he would 
accept appointment in either. 

The first fellowships are available in 
the spring of 1949, for the academic year 
beginning in the fall of 1949. For most 
favorable consideration, applications 
should be received by March 1, 1949, 
though applications will be received until 
June 1, providing the fellowships have 
not all been filled by that time. 

The purpose of these fellowships is to 
select and train outstanding men for 
basic research and leadership in the 
future development of rockets and jet 
propulsion, 

Application forms have been sent to 
presidents and deans of engineering and 
technical colleges, heads of engineering 
organizations, and Army, Navy, and Air 
Force units engaged in this type of work. 
If not available from these sources, 
candidates should write direct to 
The Daniel and Florence Guggenheim 
Foundation, 120 Broadway, New York 5, 


Employment Situations 


Please address replies to box shown, 
c/o The Electrochemical Society, Inc., 
235 W. 102nd St., New York 25, N. Y. 


Positions Available 


Recent GRADUATE, Chemical Engi- 
neer or Metallurgist, for supervised re- 
search and development for electrolytic 
metals refining plant. Training in elec- 
trochemistry and general knowledge of 
nonferrous metallurgy essential. Sub- 
mit résumé and salary requirements. 
Reply to Box A-207. 

RecENT GRADUATE, trained in the 
modern advances in physical chemistry 
and familiar with electrochemical pro-- 
esses; ion exchange resins; absorption 
phenomena; ete. Large progressive 
chemical metallurgical corporation of 
the Middle West. Reply to Box A-208. 

CHEMICAL ENGINEER for development 
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work in electronics and corrosion fields. 
Three to five years’ industrial experience 
in electrochemical development or pro- 
duction required. Large chemical in- 
dustry in the Southwest. Reply to Bor 
A-209. 

METALLURGIST, Pacific 
Coast Area, for research on materials 
and fabrication of chemical process 


equipment. Prefer Ph.D. in physical 
metallurgy with several years’ experi- 
ence. Reply to Bor A-210. 


Positions Wanted 


ELecrrocuemist, Cu.E. with eighteen 
years’ extensive experience in many 
phases of electrodeposition, electroform- 
ing, metal finishing, etching, and related 
fields. Plant layout, installation de- 
velopment, research. Wide consulting 
background. Several outstanding de- 
velopments in bright metal and alloy 
gold plating. Reply to Box 327. 

PowpER METALLURGIST, graduate 
chemical engineer, 35, married, 13 years’ 
diversified experience in research, de- 
velopment, production in impregnated 
diamond tools, synthetic sapphire, ce- 
mented carbides, iron powder metal- 
lurgy, Seales responsible position with 
progressive organization, preferably in 
diamond tool or.in high temperature 
metal-ceramic field. Reply to Box 328. 

E LECTROCHEMICAL ENGINEER, many 
years’ expe rience in the production of a 
wide variety of chemical and electro- 
chemical products. Expert in electro- 
lytic alkali and chlorates. Ph.D. of 
Columbia 1925; of Chinese birth; speaks 
English fluently. Desires position in 
electrochemical engineering. Reply to 
Bor 329. 


Recent Patents 


Selected for electrochemists by Fred. 
W. Dodson, Chairman of the Patent 
Committee, from the Official Gazette. 


November 9, 1948 


Blumenthal, S., 2,453,618, Mechanical 
Seal for Selenium Rectifier Cells. 

Marisic, M. M., and Rutledge, T. F., 
2,453,668, Electrolytic Method for the 
Production of Porous, Catalytic Metal. 


November 16, 1948 


Hill, H. W. and Dance, E. L., 2,453,691, 
Method of Making Ethyl Chloride. 
Conn, J. B. and van de Kamp, J., 2,453,- 
701, Process for Electrolytic Oxidation 

of Quinoline to Quinolinic Acid. 
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Renzoni, L. §8., 2,453,757, Process for 
>roduci ing Modifie d Electronickel. 

Smith, C. 8., Jr., 2,453,763, Selenium 
tectifier and Process for Making Same. 

Snyder, E., 2,453,764, Protection of Cer- 
tain Nonferrous Metal Surfaces. 

Donkin, W. F., 2,453,835, Battery Handle 
and Hold-Down Bracket. 

Grenot, L. D., 2,453,904, Electrolytic 
Preparation of Corrosion Testing 
Elements. 

Galloway, C. D., 2,454,052, Storage Bat- 
tery Plate Assembly. 

Slayter, G., 2,454,100, 
Separator. 

Ellsworth, J. T., 2,454,142, Electrolytic 
tecovery of Zinc. 

Sparrow, H. T., 2,454,229, Thermoelec- 
tric Generator with Pilot Burner. 


Battery Plate 


November 23, 1948 


Fritzlen, T. L., 2,454,312, High-Strength 
Corrosion-Resistant Aluminum Alloy 
Sheets. 

Byler, W. H., and Carroll, C. 
499, X-Ray Screen. 

Zingaro, P. W., 2,454,584, Hygrometer. 

Quinn, G. 8., 2,454,745, Method and 
Means for Protecting Fluorescent 
Coatings and the Like. 

Smith, L. H., 2,454,757, Electrie Space- 
Charge Device. 


C., 2,454,- 


November 30, 1948 


Searle, A. M., 2,454,843, Metal Rectifier. 

Skinker, M. F., 2,454,846, Rectifier Stack. 

Miller, C. G., 2,454,935, Continuous Wire 
and Strip Electro-Processing Machine. 

Starkey, R. L., and Wight, K. M., 2,454,- 
952, Me: asurement of Corrosive Char- 
acteristics of the Soil. 

Young, G. L., 2,454,956, System for Cor- 
rosion Protection. 

Loveless, D. L., 2,455,073, Production of 
Stainless Steel. 

Loveless, D. L., 2,455,074, Production of 
Stainless Steel. 

Holmes, C. E., 2,455,176, 
Rectifier Element. 


Selenium 


December 7, 1948 


Franchi, F. A. R., 2,455,411, Process for 
the Treatment of Iron in Order to 
Obtain a Clean Metallic Surface. 

Froelich, H. C., and Margolis, J. M., 
2,455,413, Calcium Phosphate Phos- 
phor. 

Froelich, H. C., and Margolis, J. M., 
2,455,414, Aluminum Phosphate Phos- 
phor. 


Froelich, H. C., 2,455,415, Ultraviolet 
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Emitting Magnesium Pyrophosphate 
Phosphor. 

Haun, J. C., and Simpson, R., 2,455,485, 
Austenitic Stainless Steel. 

Brown, H., 2,455,554, Electrodeposition 
of Copper. 

Brown, H., 2,455,555, Electrodeposition 
of Nickel from an Acid Bath. 

Bendix, G. H., 2,455,726, Method for 
E lectroly tic Stripping and Determina- 
tion of Plating \ pie al. 

Crise, G. W., 2,455,738, Electrostatic Air 
Filter and Circulator. 


December 14, 1948 


Malek, S. K., and Laing, M. R., 2,456,070 
Thermoelectric Generator with Fluid 
Cooling. 

Winter, L. L., 2,456,099, Electrode for 
Vacuum Discharge Apparatus. 

Feller, A. M., 2,456,117, Balinity Meter- 
ing Sy stem 

Cass, O. W. 
of ‘Acetylene 

Grube, W. L., 2,456,185, Electroplating 
Apparatus. 

Jacobs, J. H., and Yarroll, W. H., 2,456,- 
196, Electrolytic Cell for Recovering 
Magnanese. 

Berg, C., and Berg, M., 2,456,246, Bat- 
tery Gland for Terminals or Vents. 

Horsfield, B., 2,456,279, Apparatus for 
Electrostatic Separation of Material 
Particles. 

Hyner, J., 2,456,281, Removing Incrusta- 
tions from Lead Anodes Used for 
Chromium Plating. 

Buck, M. P., 2,456,370, Process for Pro- 
ducing Electrodeposited Nickel Strip 
Containing Boron. 

Clark, F. M., 2,456,381, Electric Capaci- 
tor. 

Alvear, V., 2,456,477, Electric Battery 
Improvement. 


2,456, 173, Photochlorination 


December 21, 1948 


van Geel, W. C., 2,456,758, Blocking- 
Layer Electrode System. 

Williams, P. D., 2,456,761, 
Cathode. 

Samuelson, W. H. E., 2,456,795, Cathode 
Sputtering Apparatus for Coating 
Oscillator Plates. 

Smiley, L. D., and Lansing, 8., 2,456,- 
897, Electrolytic Clarification Ap- 
paratus. 

Brasch, A., 2,456,909, Method of Steriliz- 
ing and Preserving. 

De Long, H. K., 2,456,931, 


Rugged 


Anodizing 


Magnesium Alloys. 
Frostick, H. G., 
System. 


2,456,936 Regulator 
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Longini, R. L., 2,456,968, Process for 
Outgassing Photocells’ Containing 
Antimony. 
Medlar, A., 2,456,978, Battery 
Charg 


Wise, i “M. , and Vines, R. F., 2,457,021, 
Palladium Plating. 

Leverenz, H. W., 2,457,054, Luminescent 
Materials for Electric Discharge De- 
vices. 

Loveless, D. L., 2,457,055, Production of 
Stainless Steel. 

MeQuire, R. C., 2,457,059, Method for 
Bonding a Nickel E lectrodeposit to a 
Nickel Surface. 

MeQuire, R. C., 2,457,060, Method for 
Bonding a Nickel Electrodeposit toa 
Nickel Surface. 

MeQuire, R. C., 2,457,061, Method for 
Bonding a Nickel Electrodeposit to a 
Nickel Surface. 


December 28, 1948 


Hoffman, R. A., 2,457,152, Electro- 
depositing Composition ‘and Bath. 

Miller, A. J., and Fleisher, J. W., 2,457, 
169, Method of Manuf: acturing of 
Rectifier Elements. 

Stateman, M. J., 2,457,186, Method of 
E lectroforming Rectifier Elements. 

Herbert, W. S., and Francis, H. T. 

457 234, Apparatus for E lectroly tivally 
Determining the Thickness of Metal 
Coatings. 

Sandusky, J., 2,457,322, Electrolyte 
Level Control Device’ for Storage 
Batteries. 

Van Ornum, D. G., 2,457,510, Electro- 
plating Apparatus. 

Atlee, Z. J., 2,457,626, Grid Construction. 

Metten, H., and Koury, F., 2,457,781, 
Ray Counter. 


January 4, 1949 


Feild, A. L., Reissue 23,068, Electrolytic 
Polishing ‘of Stainless Steel. 

Feild, A. L., Reissue 23,069, Electrolytic 
Polishing of Stainless Steel. 

Ellis, G. B., 2,457,810, Sealing Device for 
Dry Cells. 

Spiegelberg, H., 2,457,933, Process for 
Electrolytic Reduction of Pentonie 
Acid Lactones. 

Malmberg, T. G., 2,458,013, Selenium 
Rectifier Element and Method of 
Manufacturing Same. 

Hemker, H. W., and Eppink, D. L., 

2,458,073, Coating Magnesium and 
Magnesium Alloys. 

Jones, R. R., 2,458,272, Electric Splicing 

Device. 


Unschuld, H. M., 2,458,320, Flow Tube. 
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Feature Section 


The Profession of Electrochemistry 
II. Government Opportunities for the Electrochemist 


William Blum* 


The outstanding scientific feature of 
World War II was probably not the 
development of new principles, such as 
were illustrated and publicized by the 
atomic bomb, but the realization by 
military and civilian leaders, and by the 
general public, that both military and 
industrial supremacy depend upon the 
extension and application of knowledge 
in every field of science. This intimate 
relation of industrial and military uses 
of science makes it difficult at times to 
decide just which results of research 
should be ‘‘classified’’ and which should 
be freely published. Fortunately, the 
present policy is to encourage the dis- 
semination of scientific information and 
to classify only direct military applica- 
tions. 

The recognition of the value of science 
by the military agencies has led them to 
support researches in universities and 
other institutions upon fundamental 
problems of science, many of which have 
no apparent relation to military activ- 
ities. In consequence, the Government 
is, in effect, employing a large number of 
scientists who are engaged on these 
projects, since their salaries are paid 
from grants of public funds. These 
activities, and the present demands from 
industry for qualified scientists, whose 
supply is now inadequate, add to the 
diffic ulty of obtaining and retaining 
scientists for work in Government estab- 
lishments. 

Like other branches of science, electro- 
chemistry has found many new or ex- 
panded applications in both industry 
and armament, with a resultant in- 
creased demand for persons qualified in 
this field. In addition to the obvious 
direct applications of electrochemistry 
in electroplating and electrorefining, 
primary and secondary batteries, elec- 
tric furnaces, and protection of metals 
against corrosion, there are numerous 
less direct demands for electrochemical 
knowledge and experience. 

It may be appropriate and mutually 


* Chemist, National Bureau of Standards. 


advantageous to discuss briefly the 
factors that may influence persons in this 
field to accept Government positions. 
It is not necessary to list the positions, 
salaries, and examinations, upon which 
detailed and up-to-date information may 
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be secured from the U. 8. Civil Service 
Commission. This agency will supply 
data regarding both general examina- 
tions and those conducted by or for 
specific agencies, e.g., branches of the 
War and Navy Departments, the Atomic 
Energy Commission, the National Bur- 
eau of Standards, the National Institute 
of Health, and the Departments of 
Agriculture and Interior. 

For younger men and women with a 
B.S. or M.S. degree in science, Govern- 
ment service offers an opportunity to 
gain research experience in many special 
fields, including electrochemistry. It 
may therefore serve as a valuable train- 
ing school. This indirect pedagogical 
feature is augmented by numerous ad- 
vanced classes (both in-hours and out-of- 
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hours), taught by specialists, and ac- 
cepted for post-graduate credit by many 
educational institutions. Even though 
a large proportion of these younger 
Government scientists ‘‘graduate’’ 
within a few years into industry or teach- 
ing, a certain number conclude that the 
advantages of Government service ap- 
peal sufficiently to their interests to lead 
them to make a career with the Govern- 
ment. 

In the normal development of Govern- 
mental research, vacancies that occur 
are filled so far as possible by advance- 
ment of those employees whose educa- 
tion, experience, and ability qualify 
them for increased responsibilities. In 
certain cases, and especially when acti- 
vities are expanded, or new projects are 
undertaken, it is necessary to seek out- 
side for personnel qualified in special 
fields, e.g., those with a Ph.D. degree and 
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from 5 to 10 years experience in research. 
In general, it is not now possible for the 
Government to compete with the salaries 
offered by industry to such persons. 
However, it is to be hoped that persons 
will be attracted to Government service 
who desire to specialize more freely than 
is sometimes possible in industry, or 
those who desire greater scientific recog- 
nition of their achievements, or who feel 
an urge to render public service. 

Sound, progressive scientific re- 
searches, e.g., in electrochemistry, are 
essential if this country is to maintain a 
pre-eminent military and industrial 
position. The generous response of 
scientists to meet the needs of the 
Government in time of war justifies the 
hope that electrochemists who are inter- 
ested in research will give careful con- 
sideration to openings in the Govern- 
ment service. 


Some Society Committees and Their Functions 
William Cabler Moore* 


The business of an organization as 
small relatively as The Electrochemical 
Society is, nevertheless, very consider- 
able in amount and varied in nature. 
It is carried on by the officers, by the 
Assistant Secretary and his staff, by the 
Editorial Staff, the Editorial Board, the 
Board of Directors, and by various com- 
mittees. 

Of the latter, two at least are well 
known to most of our members—the 
Publication Committee and the Mem- 
bership Committee. These have been 
standing committees of the Society for 
many years, and their chairmen have 
long been members of the Board of 
Directors. 


Ways 

Less well known perhaps, is the Ways 
and Means Committee. Organized in 
the summer of 1946 to study proposals 
made by President Kirkpatrick’s Com- 
mittee on Future Activities (set up in 
1944), the value of a disinterested im- 
partial group of advisers to the Board of 
Directors and President of the Society 
soon became apparent. At the annual 


and Means Committee 


* Research Chemist, U. S. Industrial Chemicals 
Incorporated, Stamford, Conn. 


CaBLER Moore 


meeting in 1948 this committee became a 
part of the permanent organization of 
the Society. It is unique in that it is the 
only committee which provides definitely 
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for making use of the talents of Past 
Presidents, since the Constitution re- 
quires that its membership must include 
at least two of these “‘elder statesmen.”’ 
Moreover, by including active members 
who have not held elective offices, it may 
easily become an excellent training 
ground for officers-to-be, and for future 
members of the Society’s directorate. 

While a great deal of its work is per- 
formed by the committee as a whole 
while in session, many of the problems 
handed to it by the Board of Directors 
are “farmed out’’ to sub-committees. 
The chairman of each of these sub-com- 
mittees must, of necessity, be a member 
of the Ways and Means C ommittee, but 
he is given a free hand in selecting the 
other members of his committee, none 
of whom generally are members of the 
Ways and Means Committee or of the 
Board of Directors. This method of 

“spreading the work’’ of the Society is 
already having an effect in stimulating 
interest in the Society. 


Constitution and By-laws Committee 


When the Ways and Means Committee 
began its study of the Society’s organiza- 
tion, it became evident that ae 
would have to be made in the Constitu- 
tion and in the By-laws, in order to effect 
the changes which seemed necessary to 
implement the suggestions of the e arlier 
Committee on Future Activities. These 
were received from members at large 
when they replied to the questionnaire 
sent out early in 1947. 

The present writer was appointed head 
of the Sub-committee on Amendments to 
the Constitution and By-laws, and he 
asked for and obtained the assistance of 
Messrs. R. L. Baldwin, C. A. Crowley, 

Kenneth Graham, and R. B. Ham- 
mond in handling this matter. Al- 
though over ninety per cent of the work 
of this committee was accomplished by 
correspondence, the job was done so well 
that the main items to be covered in the 
revised Constitution were ready by 
January 1, 1948, and all were in the hands 
of the Board of Directors by February 1, 
as provided by the Constitution. In 
those instances involving changes in the 
By-laws, the proposed amendments were 
in the hands of the Board long before the 
time for voting had arrived. 


Division By-laws Committee 


With the work of revamping the Con- 
stitution and By-laws of the Society 
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March 1949 


well in hand, it next seemed desirable to 
standardize the by-laws of the Divisions. 
Accordingly a new Division By-laws 
Committee was set up as a sub-commit- 
tee of the Ways and Means Committee, 
with the division secretaries as the active 
working members 

The first meeting of this committee 
brought some interesting facts to light. 
The officers of one division were able to 
produce only one copy of any by-laws 
at all, and these had been adopted more 
than 20 years ago. On the other hand, 
the chairman of the committee had in 
his possession a completely revised set of 
that division’s by-laws which had been 
adopted and approve od by the division 
and by the Society’s directors many 
years later. 

It soon developed that while there 
must of necessity be some differences in 
the by-laws of the various divisions, 
nearly all of them contain prov isions 
which are irrelevant or which are in- 
compatible with the Society’s regula- 
tions. In order to remedy this situa- 
tion, the by-laws of the various divisions 
have to be compared and altered to fit 
definite standards; and this takes con- 
siderable time since it can best be done 
in actual working sessions of the com- 
mittee. 


Local Section Advisory Committee 


For many years, the officers of the 
Society have sought to find some easy 
way to give the sections of the Society 
direct representation on the Board of 
Directors without increasing the Board 
to an unwieldy size. In the summer of 
1947, President Heise found the solution 
to this problem. He suggested that 
each section should be empowered to 
send, to every national meeting of the 
Society, two delegates to a Local Section 
Advisory Committee, to be set up as a 
sub-committee of the W ays and Means 
Committee. The immediate Past Presi- 
dent of the Society, who was a member 
of the Ways and Means Committee, was 
appointed chairman of this sub-com- 
mittee and the sections were thus auto- 
matically given representation on the 
Board 

The first meeting of the Local Section 
Committee was held at Boston in the fall 
of 1947. Its suecess was so immediate 
that it was decided to set it up as a 
regular committee of the Society, on the 
same basis as the Membership and 
Publication Committees, with the chair- 
man to be appointed by the Society’s 
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President and to become thereby a mem- 
ber of the Board of Directors. This 
proposal was adopted when the revised 
Constitution of the Society was ratified 
by the mail vote of the Society’s mem- 
bership in the summer of 1948. 


Operating at New York Convention 


All of these committees met at the 
New York Convention of the Society in 
October, 1948. Important topics con- 
sidered by the Ways and Means Com- 
mittee were: formulation of a definite 
policy regarding meeting places for 
National Conventions of the Society; 
advisability of charging an initiation fee 
for new members; and recommendations 
to the Board as to prices to be charged 
for bound volumes of the TRANSACTIONS 
for the calendar year of 1949. 

The Constitution and By-laws Com- 
mittee held a brief meeting at which all 
the members except Past President 
Baldwin were present. Since there are 
some pending changes to be made in the 
By-laws, and possibly in the Constitu- 
tion, this meeting was adjourned subject 
to call by the chairman for further work 
by correspondence. 

Although the attendance was small, 
the Division By-laws Committee put in 
some good work on the development of a 
standard set of by-laws. This comiuit- 
tee will hold its next meeting in connec- 
tion with the Convention in Philadelphia 
in May, 1949. 

The Local Section Advisory Com- 
mittee held a large and enthusiastic 
meeting at which delegates from nearly 
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all the sections were present. After 
electing Dr. F. A. Lowenheim of the 
Metropolitan Section as its secretary, 
those present approved the report of a 
sub-committee headed by Dr. E. G. 
Enck of the Philadelphia Section, offer- 
ing a model set of by-laws for considera- 
tion by the officers of the individual 
sections. It was learned that some 
sections have never had any by-laws, 
but copies of the model have been 
distributed to every section and it is 
hoped that soon many of these impor- 
tant charters will be submitted to the 
Society’s Directors for their approval. 
The meeting then resolved itself into a 
spirited round table discussion of the 
problems of the sections, chiefly those 
dealing with meeting places, finances 
and the securing of high caliber speakers 
for local meetings. 

Since the isolated section in a small 
community, the medium sized section in 
a highly industrialized city, and the large 
sections in metropolitan centers each 
have specific program difficulties pecu- 
liar to their geographic locations, a com- 
mittee composed of R. B. Hammond, 
Chairman (Niagara Falls Section), How- 
ard Hauser (Midland Section), and 
Sherlock Swann, Jr. (Chicago Section), 
was appointed to study ‘“‘Cooperation in 
Program Planning.’’ These gentlemen 
are actively at work on their assigned 
task, and it is expected that the report 
to be submitted at the Philadelphia 
Meeting in May, 1949, will be full of 
helpful suggestions which may be used 
by local section officers in planning their 
1949-1950 activities. 


Plan now to attend 


The 95th Meeting of The Electrochemical 
Society 
at the Benjamin Franklin Hotel in Philadelphia 
May 4, 5, 6, and 7, 1949 


Sessions on 
Luminescence, Rare Metals, and Theoretical Electrochemistry 
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Technical Notes and Reviews 


Surface Preparation by Electropolishing 
Charles L. Faust* 


Introduction 


This paper deals with the surface prep- 
aration of metals by a method that intro- 
duces no mechanical work or physical 
surface damage. Electropolishing is 
the subject of many references in the 
technical literature. Within the limited 
confines of this paper, many pertinent 
references will, of necessity, have to be 
omitted. Reference is made, herein, to 
a number of articles for guidance of the 
reader who may desire to investigate 
surface reactions and wants to know 
where to turn for methods of prepara- 
tion by electropolishing and for informa- 
tion on results attainable. 

In electropolishing, the outermost skin 
of a metal is removed by anodic dissolu- 
tion in an acid or alkaline electrolyte. 
The composition of the electrolyte is 
based on the electrochemical activity of 
the metal and on the solubility of its 
salts (and of the salts of any alloying 
metals). The anode products in reac- 
tion with the electrolyte form a film im- 
mediately next to the metal surface. 
This film differs from the electrolyte and 
has greater resistivity. 

One or both of two types of anode film 
are known to be present during electro- 
polishing: (a) a viscous (or gelatinous) 
liquid film consisting of a saturated (or 
super-saturated) solution of the products 
of anodic dissolution; or (b), a gas 
blanket. Most generally, both types of 
film are present simultaneously. The 
appearance of the anode surface is 
dependent on the character of these two 
films, and, under proper conditions, 
becomes smooth and brilliant. 

Owing to the presence of these ‘‘es- 
sential films,’’ smoothening is accom- 
plished by a selective attac k, and bright- 
ening is accomplished because, in other 
respects, the attack is uniform and non- 
selective. To explain the selective ac- 
tion, Jacquet (1) attributes particular 
importance to the liquid film, which, 
electrochemically, is considered a “diffu. 
sion layer.’ The appearance of the 
“Jayer’’ coincides directly with an in- 


*Chemical Engineer and pegees isor, Electro- 
chemical Engineering Research, ttelle Memorial 
Institute, Columbus, Ohio. 


crease in internal resistance of the elec- 
trolytic cell, causing a marked rise in 
voltage and a drop in current. The 
liquid film does not closely conform to 
the contour of the metal surface, but has 
a rectilinear margin of such nz iture that 
its thickness is less at relief than at de- 
pressed regions. Schematically, this is 
illustrated in Fig. 1. In consequence of 


D 


Liquid 


/ 
METAL SURFACE 


_ Fic. 1. Schematic sketch showing 
liquid film on a metal surface under elec- 
tropolishing conditions. 


the unequal thickness, the resistance 
drop through the film is greater at ‘‘t,’’ 
than at ‘‘te,’”? and anodic dissolution is 
more rapid at “R” than at “D.” This 
results in disappearance of the rough- 
ness, and produces the polishing effect. 

This simple explanation does not ac- 
count for the observations that: (a) the 
recessed surface at ‘‘D’’ becomes bril- 
liant because of a ‘‘micropolishing’’ 
effect; (b) electropolishing is known to 
take place under conditions where the 
liquid film is too thin to account for the 
electrical resistance effect; and (c) elec- 
tropolishing is known to take place when 
the heterogeneous metal structure pre- 
sents crystal faces having different ac- 
tivities for dissolution. 

The gaseous film probably accounts for 
situations (a) and (b), since it causes 
greater insulation and, also, introduces 
an agitation effect within the liquid film. 
With gas-film predominance, surface 
smoothness increases and brilliance de- 
creases. With liquid-film predominance, 
the reverse takes place. The relationship 
between gas and liquid films has been 
described by Berger (2) in his discussion 
of industrial electropolishing of brass. 
The anode finish may be most easily con- 
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trolled when the film is predominantly 
liquid, whereas control is virtually im- 
possible when it is gaseous. On the other 
hand, the finish obtained with gas-film 
conditions is less susceptible to varia- 
tions. The electrolyte forming a liquid 
film will be more limited in application 
to metals having duplex or multiplex 
structure; because anode constituents 
which are insoluble or only slightly solu- 
ble will precipitate in the film to change 
its viscosity and resistivity. For ex- 
ample, with brass and orthophosphorie 
acid electrolyte forms an anodic film 
predominantly gaseous, and a chromic 
acid electrolyte forms a film essentially 
consisting of a highly concentrated solu- 
tion of dissolution products from the 
anode. A phosphoric-chromie acid elec- 
trolyte offers a compromise that is highly 
satisfactory for laboratory or industrial 
(3) electropolishing of brass. 

From these brief considerations, the 
general conclusion can be drawn that 
electropolishing takes place most suit- 
ably under conditions such that the 
products of anodic dissolution form a 
viscous liquid film at a rate just equal to 
its disappearance into the body of the 
electrolyte by diffusion and by the action 
of stirring caused by gas discharge. 
These conditions are met by: very con- 
centrated acid or alkaline aqueous elec- 
trolytes in which the metal dissolves by 
complex ion formation or by supersatura- 
tion; less concentrated aqueous solutions 
in which solubility is decreased and 
viscosity is increased by organic agents; 
and in relatively dilute solutions for 
which the primary salt from anodic 
dissolution 1s water-insoluble, but is 
soluble in the solution bee: wuse of com- 
plex ion formation. Cyanide and pyro- 
phosphate solutions are examples of this 
latter type. 

Accepting a hypothesis in line with 
these comments (4), Der Mateosian (5) 
took the view that electropolishing would 
prevail if the tendency of a metal to go 
into solution is reduced as low as possible 
so as to exaggerate relatively any differ- 
ential effect due to the film covering the 
peaks and hollows. His objective was 
to combine reagents so that each per- 
forms only one of the functions required 
in electropolishing baths, but the mixed 
reagents provide for all necessary func- 
tions by combined effect. 

For a given metal and selected elec- 
trolyte, the temperature and the anode 
current density are important factors in 
determining the electropolishing result. 
The temperature affects the viscosity, 
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resistivity, and diffusion of the liquid 
film, as well as the solubility of the prod- 
ucts of anodic dissolution in it. The 
current density determines the maximum 
rate at which the metal can enter the 
solution, according to Faraday’s law. 

The actual rate (or current efficiency 
of metal dissolution) depends on the 
combination of the other operating fac- 
tors, such as temperature, solubility, 
diffusion, stirring effects, etc. Thus, 
in developing any electropolishing ap- 
plication, all of these factors have to be 
considered individually and collectively 
in finding the optimum conditions for 
producing the desired result. 

Owing to the polarization effects of the 
liquid and gas film, metals usually dis- 
solve in the highest valence during 
electropolishing; yet, there are excep- 
tions such as cyanide solutions. In ad- 
dition, the successful electrolytes in- 
volve anions having a relatively large 
volume and small charge, such as: di- 
hydrogen orthophosphate; trihydrogen 
pyrophosphate; acetate; glycolate; per- 
chlorate; complex cyanides; acid sul- 
fate; alkali complexes, such as zincate; 
fluosulfonate; citrate; and tartrate. 

Anodic polarization, even to the extent 
of passivity, is not alone sufficient for 
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Fic. 2. Schematic drawing of a plot 
of current vs. anode potential in electro- 
polishing. 


causing electropolishing. Metallic dis- 
solution must take place in the viscous 
or gas film. Elmore (6) accounts for 
electropolishing on the basis of diffusion 
by which the dissolved metal leaves the 
vicinity of the anode, and, after a time, 
th metal concentration in the anode 
film reaches the solubility limit, which is 
the same as in the electrolyte. Assump- 
tions are based on Jacquet’s methods for 
electropolishing without gas discharge; 
i.e., under conditions corresponding to 
portion DE of the curve in Fig. 2. 

Electropolishing solutions have been 
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investigated by measuring and plotting 
curves for current vs. voltage. Several 
different types of such curves are possible, 
depending upon the metal, the solution 
composition, the temperature, and the 
agitation. Therefore, no single form for 
a curve can be used for predicting elec- 
tropoling conditions. Fig. 2 shows sev- 
eral relationships between current and 
voltage. 

For a given metal in a selected elec- 
trolyte, the current will increase accord- 
ing to the line ABCDEF, as the anode 
potential increases. In one type of solu- 
tion, electropolishing will take place at 
I1;, at voltages V; to V4, i.e., along the 
DE branch of the line. With a different 
metal and another solution, the general 
plot will be like ABCDEFP, but electro- 
polishing will be under conditions repre- 
sented by region BCD, involving a 
periodic fluctuation in voltage in the 
range, V2 to V3, with a corresponding 
fluctuation in current between I; and hh. 
Or, there will be periodicity with a differ- 
ent set of voltage-current ranges within 
the limits of the region, BCD. A third 
and different metal and electrolyte might 
have a curve entirely like the branch 
EF, with no polarization effects com- 
parable to those producing conditions 
for BDEF or BCDEPF, and electropolish- 
ing takes place at current above I and 
voltage above Vs. ; 

For examples, the first situation refer- 
red to in the preceding paragraph exists 
for copper in orthophosphoric acid; the 
second, for silver in cyanide solutions; 
and the third, for stainless steel in sul- 
furic-phosphoric acid solutions. In each 
of these examples, conditions can be 
varied to alter the shape of the current- 
voltage curve to one of the other forms. 

The conclusion is reached that electro- 
polishing is largely an empirical process. 
Nevertheless, these introductory re- 
marks will be an aid to visualizing some 
of the situations to be met and believed 
to exist when electropolishing is accom- 
plished. Regardless of its empirical 
nature, electropolishing offers special 
advantages in the preparation of metal 
surfaces. 


Some Properties of Electropolished 
Surfaces 


The outstanding achievement of elec- 
tropolishing is its ability to remove 
metal without mechanical action of any 
kind. Thus, smoothening and brighten- 
ing are accomplished without introduc- 
ing mechanical working effects, frictional 
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heating, fragmentary metal particles, 
distorted crystal structure, or stresses. 
The electropolished surface reveals di- 
rectly, in the outermost layer, the true 
structural condition of the basis metal. 
Some electropolishing conditions super- 
impose a solid film of the oxide or of a 
salt of the metal. Such a film is thin 
and transparent. 

Fig. 3 and 4 reveal the difference in 
crystal structure of the outermost sur- 
face of a mechanically polished metal 
and of an electropolished surface. The 
photomicrographs were taken at the 
interface region of nickel electroplate 


4 


Fic. 3. Cross section of nickel plate 
on metallographically polished, 18-8 type 
stainless steel, showing essentially struc- 
tureless feature of the nickel plate due to 
pseudomorphic continuation of the ‘‘so- 
called” Beilby Layer. 500 X. 


Fic. 4. Cross section of nickel plate 
on electropolished, 18-8 type stainless 
steel, showing pseudomorphic continua- 
tion of the true crystals of the stainless 
steel. Reveals total absence of mechan- 
ically disturbed surface on the basis 
metal. 500 X. 
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on metallographically polished stainless 
steel (Fig. 3); and electropolished stain- 
less steel (Fig. 4). 

On both samples, the nickel, as it was 
deposited, pseudomorphically continued 
the crystal structure of the stainless steel 
surface. Fig. 4 shows the continuation 
of stainless steel crystals by nickel plate 
without interference of a _ superficial 
layer (the so-called Beilby Layer) com- 
posed of heterogeneous, very fine crystal 
structure resulting from the mechanical 
action of the metallographic burnishing. 
The crystal structure of this superficial 
layer is continued in the nickel plate, 
which is seen to have an entirely differ- 
ent structure than the nickel plate on the 
electropolished stainless steel. These 
examples show concrete evidence that 
the surface condition of the basis metal 
influences reactions occurring there. 

The relationship of electropolishing 
to mechanical polishing relative to struc- 
ture of electrodeposited metals has been 
observed for other combinations of 
plated and basis metals. Among them 
is copper on copper (7). The process of 
metal electrodeposition is subject to the 
activity of the basis metal surface and 
to any locally specific effects thereat. 
These same factors influence any phys- 
ico-chemical or metallo-chemical reac- 
tion that takes place at a metal sur- 
face. 

The structure, hardness, and other 
physical properties of the electrode- 
posited metal are influenced by the 
crystal size, orientation, condition of 
stress, and the crystal face or faces that 
are exposed. These same conditions can 
introduce undesired side reactions in a 
chemical process taking place at a metal 
surface; the percentage yield in primary 
product is affected, and initial corrosion 
rates may differ from those operative 
after the surface skin has disappeared. 

These conditions under reference are 
physicochemical in nature and are, 
therefore, generally applicable as to 
possible influence on surface reactions 
regardless of the metal and the process 
involved. Thus, when interpretation is 
made of data involving participation by 
a metallic surface, the physical (and 
mechanical) condition of that surface 
must be included in the analysis. 

Since electropolishing dissolves metals 
under conditions of anodic polarization, 
the concomitant formation of superficial 
solid coatings of oxide or salts of the 
metal must be considered in connection 
with electropolishing in any surface 
study. Whether there is such a coating 
formed depends upon the metal and the 
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Fic, E 18-8 type 
stainless steel after exposure to glycer- 
— etchant. Owing to the presence of 

“protective coating,’’ no crystal struc- 
rae. is revealed; only cylindrical holes 
(when examined with oblique lighting) 
are visible, shown as pits in the photo- 
micrograph. 100 X. (Iron Age, April 
11, 1940) 


Z 

Fic. 6. Mechanically polished (metal- 
lographic specimen), 18-8 type stainless 
steel after exposure to glyceregia etchant 
for same length of time and conditions as 
the electropolished sample of Fig. 5. 
The stainless steel had been passivated 
in nitric acid before etching. 100 xX. 
(Iron Age, April 11, 1940) 


electropolishing conditions, which also 
establish the nature of any such coating. 

Aluminum and stainless steel are well 
known to the metal finishing industry as 
being greatly improved in corrosion re- 
sistance as a result of anodic treatment. 
The improvement is experimentally 
shown to be due to the presence of a solid 
film, transparent but possessing a finite 


thickness. The presence of such a film 
on electropolished stainless steel is 
shown by Fig. 5 and 6. Attack by 
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glycer-regia* etchant is seen to be differ- 
ent on the electropolished surface (Fig. 

5) and to consist of ‘‘punching cylindrical 
holes” in the surface. The metallo- 
graphically polished sample almost im- 
mediately revealed the structure of the 
stainless steel (Fig.6). The “‘burnished 
skin’”’ on the latter greatly influenced the 
structure of the nickel plate, (Fig. 3 and 
4), but offered no resistance to the glycer- 
regia etchant. 

Turning again to electrodeposition 
results for illustrative purposes, refer- 
ence is made to copper and brass. When 
these metals are electropolished in 
chromate-containing electrolytes, they 
acquire a thin, transparent, ‘‘solid 
film,”’ coincidentally with the brilliant, 
mirror-like appearance. This “solid 
film’’ is electrically conductive, as 
demonstrated by the fact that the mir- 
ror-like surface can be retained by elec- 
trodepositing a bright metal on it. If 
the bright metal is deposited on the 
electropolished surface, it can be easily 
stripped off in a continous foil of mirror- 
like metal. 

Retaining the mirror-like quality, yet 
obtaining sound adhesion of the bright 
metal plate, introduces some interesting 
relationships. If the electropolished 
brass (or copper) is dipped into a solution 
of hydrochloric acid and ammonium 
chloride, the luster is not impaired and 
bright nickel plate, for example, can 
then be applied with excellent adhesion; 
but, the plated appearance will not be 
mirror-like. Instead, the plate will 
appear ‘‘frosty,’’ because it has con- 
tinued the crystal structure of the brass 
(not visible as electropolished), building 
thickness at a faster rate on some crystal 
faces than on others. This results in a 
relief effect that is comparable with the 
revelation of structure by metallographic 
etchants. Although photographs are 
not available to show this situation with 
nickel plate on brass, apt illustration can 
be made with Fig. 7 and 8, which are for 
nickel plate on electropolished and me- 
tallographically polished stainless steel. 
The same phenomenon is operative re- 
gardless of the metals paired in electro- 
polishing and plating. 

The interesting and practically im- 
portant situation arises when the electro- 
polished brass (or copper) is dipped in a 
dilute solution of sulfuric and oxalic 
acids (8) and, then, bright nickel plated 


10 ce. nitric acid (sp. gr. 1.42), 20-30 cc. hydro- 
chloriec acid (sp. gr. 1.17), 20 to 30 cc. glycerine. 
Prepare fresh just before use and do not keep in 
storage afterward. Throw away the used solution 
immediately. 
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Fic.7 Seiten view of nickel plate on 
destwenaiihad stainless steel (18-8 type). 
The nickel, by selective plate at faster 
rate on some crystal faces, has revealed 
the structure of the stainless steel, as 
would be expected according to Fig. 3 
and 4. 100 X. (Iron Age, April 11, 
1940) 


ct 


Fic. 8. Surfac e view of nickel plate 
(same plating conditions as for Fig. 7) on 


metallographically polished stainless 
steel (18-8 type). Falsely, the stainless 
steel appears to have no structure, be- 
cause of interference by the “‘skin’”’ which 
results from mechanical damage of the 
surface. 100 X. (Iron Age, April 11, 
1940) 


as before. This time the mirror-like 
appearance is retained and, yet, the 
nickel is very adherent. This experi- 
mentally developed relationship has wide 
implications in the consideration of 
other metallo-chemical, surface reac- 
tions. Prior to 1940, practically all 
work in this field dealt with mechanically 
prepared metal surfaces. Undoubtedly, 
a number of the conclusions would be 
altered if the same experimental program 
were to be repeated with electropolished 
surfaces. 
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PASSIVATED 


METALLOGRAPHIC 
POLISH 


AFTER 55 DAYS 


Fia. 


sivated in nitric acid) after 57 days 


TECHNICAL NOTES 


Appearance of metallographically polished, 
finished, aa No. 8 mill-finished stainless steel (all 18-8 type; the first and fourth pas- 
of exposure in an analytical laboratory hood. 


AND REVIEWS 


IN) LAB. HOOD 


electropolished, 2B mill- 


The electropolished specimen remained a reasonably good mirror; the No. 8 econ- 


tained a continuous coating of ‘‘red rust.’ 


In his study of the Sermedion and sta- 
bility of oxide films, Gulbransen (9) 
found different film thicknesses on iron 
passivated in 70 per cent nitric ‘acid 
relative to iron exposed to air. Electro- 
polished metal surfaces should be in- 
cluded in sudies such as this. Low- 
and high-carbon steels and low-alloy 
steels, to take examples, can be electro- 
polished to such a state of protection as 
to resist rusting for very long periods of 
time. Benefits from electropolishing are 
shown for stainless steel in Fig. 9 

Aluminum, electropolished in a sul- 
furic-phosphoric-chromic acid solution, 
is improved in uniformity of surface 
activity so that subsequent anodizing 
produces a more uniform and protective 
coating, and dye colors, if used, have a 
deeper and richer ‘“‘tone.”’ 

Oxidation reactions, such as those 
which impart black oxide coatings to 
steel, produce more uniform color with 
greater luster, with less critical control 
being required when surface preparation 
is by electropolishing. 

Metal surfaces can be prepared by 
electropolishing without the formation of 
an oxide or salt film. Thus, electro- 
polishing does not always confer pas- 


sivity upon a metal (10). Aluminum, 
zinc, and iron have been treated with 
such results. Thus, the ‘‘true surface’ 
of the metal is made accessible for the 
study of reactions. Jacquet (1) has 
summarized work by numerous other in- 
vestigators of surface properties. 


Chemical and Electrochemical 
Properties 


Without electropolishing, surface prep- 
aration has not been possible to represent 
the metal free from oxide layers, for 
studying the dissolution potential of such 
easily oxidized metals as zine, aluminum, 
magnesium (11). Carefully mechani- 
eally polished aluminum dissolves in 3 
per cent sodium chloride solution at 
—0.74 v., and the same aluminum, elec- 
tropolished in _ perchloric-acetic acid 
bath and washed in acetone and absolute 
alcohol, dissolves at —i.20 v. The dis- 
solution potential of zinc, measured in 
distilled water immediately after electro- 
polished in orthophosphorie acid-alcohol 
bath and washed in anhydrous liquids, is 
—1.08 v. After 250 hours’ exposure to 
moist air, the dissolution potential is 
—0.7v. The authors conclude that such 


measurements of dissolution potentials 
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provide an excellent method for study- 
ing oxidation. 

The oxidation of electropolished met- 
als during subsequent exposure to air is 
different from that of mechanically 
polished metal, so that corrosion results 
can be quite different in water or other 
media. Another different result occurs 
if, immediately after electropolishing, 
an active metal like zine is immersed in 
water. Corrosion figures may appear 
with the geometric pattern of the crystal- 
lographic structure. This has been 
studied by Capdecomme and Schwob 
(12). 

From his review of the technical lit- 
erature, Jacquet (1) concludes that elec- 
tropolishing is the preferred method for 
preparing specimens to be used in cor- 
rosion studies. He cites references to 
investigations of aluminum (13) and of 
aluminum containing Al-Si and Al-Si-Fe 
eutectic inclusions (14). Reference is 
also made to the speed of oxidation of 
zine (15) and to the initial corrosion of 
magnesium in the form of fine pits exucl- 
sively on the twins resulting from work- 
ing with a cutting tool (16). Dry oxida- 
tion of stainless steel has been found 
more reproducible when finishing was by 
electropolishing (17). This method of 
polishing has been found very successful 
in revealing structural details respon- 
sible for unusual corrosion effects, but 
not observable by ordinary micrography 
(18). Fissuring of brass alleged to be 
homogeneous was found due to a very 
small amount of beta phase, the presence 
of which was not suspected when me- 
chanical polishing methods were used. 

Walton (19), in studies with single 
crystals of aluminum, found only very 
small differences in solution potential 
with marked changes in orientation; 
but, different crystal faces showed dif- 
ferent rates of attack in concentrated 
hydrochloric acid. A conelusion was 
reached that selectivity of attack was 
caused by resistance of individual grains 
instead of by differences in solution po- 
tential of individual grains. 

Electrodeposition of copper at slow 
rate on electropolished polycrystalline 
copper occurred along all erystal grain 
boundaries, but on the flat faces of only 
some of the grains [Jacquet (20)]. The 
grains which showed only little tendency 
initially to take a copper plate were con- 
sidered to be those with the face of verti- 

‘al growth perpendicular to the general 
surface. This phenomenon was studied 
further by Leidheiser and Gwathmey 
(21) using single crystals of copper and 
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electropolishing to determine the in- 
fluence of crystal face on its electro- 
chemical properties. Conditions could 
be selected to cause monocrystalline 
deposition of copper at certain regions of 
the single crystal and polycrystalline 
deposition at other regions. The initial 
tendency to take a plate at low current 
density, continuation of the orientation 
of the surface of the basis metal, and the 
smoothness of the electrodeposit are de- 
pendent upon the crystal face taking part 
in the process. In addition, mechanical 
disturbance of the crystal face can alter 
the result of the process, as shown by the 
effect of slight scratches after electro- 
polishing, but before electrodeposition. 
The inability of electrodeposition to con- 
tinue the orientation at certain regions 
of the single crystal could not be attrib- 
uted to an adsorbed film left by electro- 

olishing, so was due to other factors. 

he conclusion of general interest is that 
crystal face (as well as surrounding at- 
mosphere and presence or absence of 
mechanical disturbance) has a control- 
ling influence on the electrochemical 
behavior of metal surfaces. In such sur- 
face studies, it appears necessary to re- 
gard each crystal face as though it were a 
separate metal. Electropolishing per- 
mits evaluation of any process modifica- 
tions that can be attributed to mechani- 
cal disturbance of metal surfaces. 

Swann and associates (22), (23), (24), 
(25), (26), and (27) have recognized the 
importance of crystal structure on the 
results of electro-organic oxidation and 
reduction at the surface of metal in the 
as-cast, as-machined, as-annealed, and 
as-electrodeposited condition. Reac- 
tion yields and nature of the product 
were influenced by the character of the 
metal surface. In studies such as these, 
electropolishing should be included as a 
tool for surface preparation. 


Physical Properties 


In order to obtain correct and repro- 
ducible microhardness measurements, 
electropolished surfaces should be used, 
because mechanical polishing produces 
a skin hardening effect that can be as 
much as 30 to 40 per cent higher than 
the real hardness (28) and (29). Micro- 
hardness measurements can be made with 
sufficient accuracy and sensitivity to 
spot different degrees of purity. For 
aluminum, an impurity content of 0.004 
per cent has been observed (30). The 
depth of metal structural disturbances 
caused by mechanical polishing can be 
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determined by electropolishing and 
measuring the microhardness at suc- 
cessively exposed levels. 

Electropolished and mechanically pol- 
ished surfaces can give totally different 
results on examination by x-ray dif- 
fraction techniques. The mechanically 
polished surface skin, at small angles of 
incidence, gives strong diffusion of x- 
rays. The electropolished surface has 
much lower diffusing power. The me- 
chanical deformation caused by 00 
emery extends about 20 microns in 
aluminum. Abrasion of iron with No. 2 
emery causes deformation to a depth of 
about 60 microns (31). The iron is only 
very slightly disturbed by polishing for 
extended periods with alumina on felt. 

Polishing on No. 0 emery paper is 
shown to cause considerable lattice dis- 
tortion in zine crystals (82). By elec- 
tropolishing technique, proof was ob- 
tained that oblong bands, etching to 
different color in zine or high zine solid 
solution erystals, are caused by me- 
chanical effects and are, in all proba- 
bility, deformation twins. 

Surface microscopy studies by x-ray 
diffraction (33) can inelude electro- 
polishing among the preparation meth- 
ods. Other investigations of electro- 
polished surfaces by means of elec- 
trodiffraction have been reported (34), 
(35), and (36). For examinations such 
as these, the preparation of the sur- 
face is very important, and the results 
can be changed by the method of re- 
moval from the electropolishing solution 
and of washing. 

Nonuniform deformation through glide 
planes that have slipped have been re- 
vealed by electropolishing slightly de- 
formed brass; whereas, such markings 
were previously believed to be due to 
improper mechanical polishing (37). 
In study of creep and fatigue as affected 
by grain boundaries, Crussard (38) found 
electropolishing a good tool for revealing 
the nature of slip in polycrystalline alu- 
minum, zinc, and magnesium. 

The reflectivity of electropolished 
surfaces is higher than that of those pro- 
duced by the most careful mechanical 
finishing methods (39), (40), (41), and 
(42). 

A study of cathodic luminescence 
shows that mechanical polishing always 
causes a pollution of the surface, whereas 
electropolishing does not (43). 

Electropolishing is a very important 
tool in the study of surface reactions 
with single crystals (44) and (45). 

Electropolishing, by removing surface 


stresses, considerably changes thefatigue 
behavior of metals. Mondon’s (46) ex- 
periments show that electropolishing of 
certain steels considerably raises the 
fatigue limit and aids in its measurement 
by reducing the scatter of experimental 
values. He also discusses wear of 
electropolished surfaces. 

Other researches, reported by Russell, 
Gillette, and Jackson (47), show that 
fatigue limit of steels is generally lowered 
by electropolishing. This is because the 
customary mechanical finishing methods 
introduce strain-hardening and compres- 
sive stresses that increase fatigue re- 
sistance. When there is no mechanically 
disturbed layer, such as when very care- 
ful mechanical polishing is used, fatigue 
limit is the same as for electropolished 
steel. 

If there has been heavy surface de- 
carburization, then electropolishing, to 
remove such a ‘‘decarb”’ layer, will in- 
crease the fatigue limit. 

Halut (48) discusses the application of 
electropolishing to mechanism parts. 
Because of reduced friction, electro- 
polishing of parts in a wire-sewing ma- 
chine permitted a considerable increase 
inspeed. Electropolishing of duralumin 
cartridge cases improved the ease of 
automatic extraction without jamming 
caused by the rough state of the as-drawn 
surface. 

In connection with the surfacing of one 
metal with an electrodeposited coating of 
another for use of the component in in- 
dustrial service, electropolishing has an 
important role. This is particularly so 
when the “‘interface zone’”’ between basis 
metal and electrodeposited metal will be 
subjected to heavy stresses during func- 
tional use. Mechanical finishing can so 
damage the surface of the basis metal as 
to make it too weak to properly support 
the overlay metal (49). Electropolish- 
ing as the ‘“‘surface-machining opera- 
tion’? provides for the maximum bond 
strength and adhesion that can be 
expected. 

Schaeffer (50) employed electropolish- 
ing to successfully replace an electro- 
chemical etch in preparing steel bearing 
shells for receiving copper and silver 
liner. 


Surface Smoothness 


Electropolishing can greatly reduce 
the microroughness of metallic surfaces. 
According to unpublished data from 
Battelle Institute researches, electro- 
polishing, to remove an average of 0.001 
inch of metal from a surface having a 
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Fic. 10. Brush surface-analysis chart 
of commercial polish on steel ready for 


nickel plating. Horizontal 17 X and 


vertical 4000 Xx. 


tn 11. Brush surface-analysis chart 


of 0.002 inch of bright nickel plate on 
commercially polished steel. 


Fic. 12. Brush surface-analysis chart 

of 0.002 inch of bright nickel plate on 

commercially polished steel after me- 
chanically buffing the nickel plate. 


Fic. 13. Brush surface-analysis chart 
of 0.002 inch of bright nickel plate on 
commercially polished steel after electro- 
polishing to remove an average thickness 
of 0.001 inch of the plate. 
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profilometer roughness of about 50 
r.m.s., smooths this to about 25 r.m.s. 
Removal of another 0.001 inch of metal 
reduces the roughness to about 12 r.m.s., 
and soon. This experimental work was 
carried no further than an r.m.s. reading 
of 2 to 3. Sparks (51) reduced the sur- 
face roughness from 4 microns (after 
lapping) to 0.3 micron by electropolish- 
ing. Measurements were made on a 
profilograph. Wear characteristics of 
electropolished steels have been dis- 
cussed by Mondon (46), who reached 
surface roughness as low as 0.1 micron. 
In tensile tests, the scatter of results was 
found to be less with electropolished 
specimens (48). 

Smoothening accomplishable by elec- 
tropolishing plated metal surface coat- 
ings is illustrated by Fig. 10, 11, 12 
and 13. 


Electropolishing Methods 


No recipes are given in this paper for 
electropolishing. Electropolishing baths 
are quite specific, depending upon the 
principal factor under study and the kind 
of metal or alloy involved. 

The random orientation of polyerystal- 
line metals presents crystal faces of dif- 
ferent activity. Such local differences 
are so small, relative to the electro- 
polishing potential, that selective dis- 
solvi ing does not take place to cause 

“etching,’’ as in the case of anodic 
dissolution in the absence of film forma- 
tion. On the other hand, dissolution po- 
tentials can be so high for some alloy 
phases as to prevent electropolishing. 
Difficulties in this respect are en- 
countered when certain metal-carbides, 
silicon-rich phases, lead-rich phases, and 
tin-rich phases are present. When con- 
ditions that electropolish a metal in the 
absence of such phases do not electro- 
polish when they are present, a different 
solution must be used, and, at least, for 
experimental work, one can usually be 
found. 

Some electrolytes have wider applica- 
tion than others. Specific methods have 
been described in numerous technical 
papers. Jacquet (1) and Zmeskal (52) 
have given comprehensive _ bibliog- 
raphies. For one who is just starting in 
the field of electropolishing, the following 
references will provide helpful informa- 
tion. Industrial applications of electro- 
polishing in finishing for appearances, 
machining, burr removal, and prepara- 
tion for plating have been deseribed by 
the author (53), who shows that most of 
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the commercially operable methods are 
covered by patents. Comments on in- 
dustrial applications in Europe have 
been made by Halut and Rocquet (54). 
Procedures for electropolishing in 
metallographic preparations (55) and 
for electron-microscope samples (56) 
offer helpful suggestion for methods of 


surface preparation. Where methods 
involve perchloric acid, precautions 
must be exercised. Not all articles 


discussing electropolishing in baths using 
perchloric acid mention the explosive 
character. Such solutions can be used 
with safety when the necessary handling 
techniques are recognized and employed. 

Apparatus set-ups for laboratory elec- 
tropolishing have been described (57), 
(58), (59), (60), and (61). 

The following references will be of in- 
terest in connection with electropolish- 
ing the metals and alloys of the ‘‘iron 
group’’: carbon steels (62), (63), (64), 
(65), (66), and (67); cobalt (68); and stain- 
less steels (69), (70), (71), (72), and (73). 

Methods of potential interest for 
electropolishing non-ferrous metals are 
described in the following references: 
aluminum (74) and (75); copper (76) and 


(77); gold (78) ; silver (7 9), (80), and (81);. 


tin (82) ; magnesium (83); tantalum (84); 
tungsten (85) and (86) ; zine (87) and (88); 
copper, lead, tin and their alloys (89): 
brass (90) and (91); bronze (92); and 
leaded bronze, zinc, and magnesium (93) ; 
and review of several methods (94). 
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Are You Changing Your Address? 


It is important that the Secretary’s office be informed of your 
change of address. Notice of your new address should be mailed 
Delivery of publications can be assured 
without interruption only if change of address notice is received 
in advance (four to six weeks if possible). 


as promptly as possible. 


When change of address means change of position, please in- 
clude this information in your notice, giving title of the position 
which you will have in the new organization. 
will enjoy reading these news items in the Journal. 


All forwarding addresses should be sent to the Electrochemical 
Society, Inc., 235 West 102nd Street, New York 25, N. Y. 
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Editorial 


April 1949 


“Give Me Liberty Or—” 


Patrick Henry said ‘Give me liberty or give me death.” Hitler and 
Mussolini proclaimed’’—or give me security”? with emphasis upon security. 
Stalin today follows the same pattern—he promises, in exchange for com- 
plete subjugation to the State, old-age pensions, socialized medicine, state 
education, and free advice on the direction in which scientific theory and 
religious philosophy must go. For the price of a few principles like freedom 
of speech and exercise of the ballot, one can enjoy a “cradle to grave”’ 
paradise on earth, communist style. 

There are large factions in this country (not communists) who have be- 
come enmeshed in the same dangerous trend. With good but misguided 
intentions, they clamor for more of so-called social legislation, for more 
government control of business, and for gross subsidies to agriculture and 
to inefficient or defunct business. The goal is security for everybody, and 
a shift of all planning and worrying by the individual to appropriate bu- 
reaus in Washington. Let no one be deceived—this security, like that of 
Stalin, is at a price. 

Let’s get the facts straight! First, a degree of security is both possible 
and desirable. A man takes out life insurance or saves a portion of his 
income for future contingencies—he chooses his own plan and is better 
for it. But when he surrenders to others his privilege to act and to think, 
he becomes less a man, and eventually both he and society pay the penalty. 

Second, security cannot be guaranteed. No insurance company can 
guarantee good health or happiness. Economic security cannot be guaran- 
teed by the government itself, as many who now draw their pensions with 
deflated dollars have found out. 

Wherein lies security? Not in money—not in philosophies of govern- 
ment—not in science itself—but in the hearts and minds of men. Every 
worthwhile and lasting effort of men so far has been the result of clear 
thinking in this respect. 

In the same sense, the security of The Electrochemical Society lies in 
its members. A member who joins only to get out of the Society what he 
can has little faith in a way of life that holds privilege undivorced from 
responsibility. And industries, too, who excuse themselves from sustain- 
ing a technical society from which they benefit support the free enterprise 
system by mere lip service. 

In the long run, to accept privilege is to accept corresponding responsi- 
bility. If one seeks to gain for himself by avoiding responsibility, the gain, 
if made at all, is at the expense of privilege or liberty. 

To men of vision, liberty is priceless. Accepting any commodity or 
promise in exchange is to move backwards in the scale of human progress 
and to renounce a fundamental struggle since early dawn for increasing 
freedom. For with greater freedom, men contribute in greater abundance, 
not only the necessities of life, but also beyond such needs, making possible 
the effective advance of science and the arts. A free society of responsible 
citizens can offer to everyone a wealth and security that dictators and 
bureaucrats are powerless to provide. 
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Current Affairs 


Philadelphia Program Largest in Society’s History 


The Philadelphia Convention, from 
present indications, will be the largest 
and one of the most important in the 
history of the Society. The technical 
program will comprise 75 papers, nearly 
twice as many as have been presented 
at any previous meeting. There will be 
a two-day session on Luminescence 
sponsored by the Electronics Division 
with Dr. H. C. Froelich presiding. 
Twenty-seven papers by leading Amer- 
ican, English, Dutch, and Hungarian 
authorities will be presented. A session 
on Rare Metals will include twenty pa- 
pers describing striking — develop- 
ments in this field. Mr. FE. Enek will 
preside. The Theoretical etrochem- 
istry Division is presenting a symposium 
of sixteen papers of a fundamental char- 
acter by several of this country’s most 
eminent electrochemists. In addition 


there will be a general session which will 
include twelve papers on corrosion, 
electrodeposition, batteries, and ele etro- 
organic chemistry. 

The very large number of papers and 
the large attendance which they are ex- 
pected to draw will require simultaneous 
sessions to be held. This has long been 
a practice of other technical societies, 
but it is a new venture for The Electro- 
chemical Society. The smaller indi- 
vidual groups should promote more in- 
formal discussion. 


Round Table Discussions 


In addition to the formal technical 
sessions, there will be three informal 
group discussions. The Electrothermic 
Division is sponsoring a Round Table on 
the subject, ‘‘Special Melting Techniques 


Interior view of wing where pilot plant investigations are conducted, Eastern 


Regional Research Laboratory, U.S. 
Included in plant trips for May 6th. 


Department of Agriculture, Wyndmoor, Pa. 


U.S.D.A. Photo by M. C. Audsley 
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for Metals.’”’ Nathan E. Promisel, Bu- 
reau of Aeronautics, Navy Department, 
will be the moderator at this session on 
Saturday morning. At the same time, a 
second Round Table Discussion on con- 
struction materials for  chlor-alkali 
plants will be held under the sponsorship 
of the Industrial Electrolytie Division. 
The members of the Electronics Division 
will meet for an informal Round Table 
discussion immediately following the 
symposium on luminescence. 


Business and Committee Meetings 


The Annual Business Meeting of the 
Society will be held at 8:45 A.M. on 
Thursday. At that time, the newly- 
elected officers will be announced. 
Wednesday will be given over largely to 
committee meetings. The Constitution 
and By-Laws Committee, the Publica- 
tion Committee and Editorial Staff, and 
the Division By-Laws Committee will 
meet inthe morning. The Local Seetion 
Advisory and the Ways and Means Com- 
mittees are scheduled for the afternoon. 
The Board of Directors will meet after 
dinner. 


Annual Banquet 


The Annual Banquet will be held on 
Thursday evening, May 5th, in the Ball- 
room, following a reception for all the 
officers at 6:15 P.M. The principal 
event of the evening will be the Presi- 
dential Address by the retiring President, 
Mr. James A. Lee. Mr. Lee will also 
present the Young Author’s Prize and 
the Turner Book Prize. After the con- 


CURRENT AFFAIRS 


Plant of Leeds & Northrup Company, P hiladelphis 1, manufacturer of scientific 
instruments, will be a feature of Society’s inspection trip on May 6th. 


clusion of these ceremonies, there will be 
dancing and bridge. 


Luncheons 


Society luncheons have been arranged 
for Thursday and Friday. On Thursday, 
the President of the Society will speak 
briefly on the convention program and 
plans for the Society’s future. At the 
Friday luncheon arrangements have been 
made for separate seating of the various 
divisions of the Society. This should 
provide an excellent opportunity for di- 
vision members to renew old acquaint- 
ances and make new ones. 


Friday Evening Entertainment 


An informal program is planned for 
Friday evening. Supper will be served 
at 7:30 in the Ballroom and immediately 
thereafter there will be a program of 
entertainment, provided by the Local 
Committee, which promises fun for all 
in the form of a “tombola.’”’ The Edi- 
torial Staff has not been informed of the 
precise nature of this activity. 


Plant Trips 


Two plant trips are planned for Friday. 
In the morning, a group will travel by 
bus to the plant of the Leeds and North- 
rup Company, manufacturers of clec- 
trical measuring and recording equip- 
ment familiar to every electrochemist. 
After luncheon there will be a second 
trip, to the Research Laboratories of the 
Pennsylvania Salt Manufacturing Com- 
pany at Whitemarsh. A visit to the 
Eastern Regional Research Laboratories 
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April 1949 


Pennsylvania Salt Seniteataiion Company’s Research Laboratories. Form- 
erly the residence of the late E. T. prions wa this 130-room mansion is now con- 
verted into a fully-equipped research and de velopment laboratory. It will be in- 
cluded in the Society’s plant trips on May 6th. 


of the United States Department of 
Agriculture at Wyndmoor will complete 
the afternoon program. 


Ladies’ Program 


A full program has been planned for 
the ladies. On Thursday there will be 
a reception and get-together at 11:00 
A.M. followed by luncheon in the Garden 
Terrace of the Benjamin Franklin Hotel. 
In the afternoon, there will be a con- 


ducted tour through the famous Phila- 
delphia Art Museum. The ladies are of 
course invited to the reception and 
banquet on Thursday evening. 

Friday will feature an all-day trip to 
Longwood Gardens, on the world-re- 
nowned estate of Pierre S. du Pont. 
Luncheon will be provided and the only 
charge will be $2.50 for transportation. 
The ladies are invited to attend the in- 
formal supper and entertainment in the 
Ballroom beginning at 7:30. 


& & 
Silicon Carbide Plant Opened in Quebec 


A new name was recently added to the 
world’s list of producers of silicon car- 
bide. Electro Refractories and Alloys 
Corporation of Buffalo, long a user of 
this raw material, has formed a Canadian 
subsidiary, Electro Refractories and 
Alloys Canada Ltd. which has estab- 
lished a plant for the production of 
silicon carbide under the trade name 
“Electro-Carb.’’ The new plant is at 
the mouth of the St. Maurice River in 
Cap-de-la-Madeleine, Quebec. 

The new plant, which represents an 
investment of $475,000, was placed in 
production on January 4th, 1949, less 
than one year from the date when the 
site was selected. The official opening 
was held on January 21st at which time 
the directors and officers of the- company 
welcomed the members of the Chamber 
of Commerce and other dignitaries of 
the cities of Trois Rivieres and Cap-de- 


la-Madeleine in an _ inspection trip 
through the new plant and a cocktail 
yarty and reception at the Chateau de 
3lois in Trois Rivieres. Other guests 
included officials of the Canadian firms 
which supplied equipment and services 
for the construction of the new plant. 

The celebration included a_ return 
banquet on the following day at which 
the Hon. J. Paul Beaulieu, Minister of 
Trade and Commerce of the Province 
of Quebec, delivered an address in which 
he stressed the unwavering adherence of 
Quebec to the principles of private en- 
terprise. 

The facilities of ‘‘Electro-Canada” 
include the main furnace building, con- 
taining two separate sets of five furnaces 
each, as well as storage, mixing, and 
charging units to serve these. There 
is a second large building for storage of 
additional materials which can thus be 
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laid in ahead of the long Quebec winters. 
The plant is served by a railroad siding 
and also by a dock from which water- 
borne shipments can be made direct to 
Buffalo where the manufacturing plant 
of the parent company is located. Other 
buildings include an office and service 
building. 

The present capacity is 3000 tons of 
silicon carbide annually. This will be 
shipped exclusively to the parent com- 
pany for processing and use in its re- 
fractories and other products. No pres- 
ent plans exist for making raw material 
for sale to others. The installation of 
considerable additional crushing and 
processing equpment at the parent plant 
was necessary to handle the new material 
there. 
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Eleetro Refractories was founded in 
1918 and was developed in its early stages 
by the late Luke U. Milward. The 
present management is headed by Presi- 
dent Grant S. Diamond. Carl F. Leitten 
and George B. Michie are Vice-Presi- 
dents in charge of Manufacturing and 
Sales respectively. The new plant is 
under General Manager R. A. Webber, 
who has had a background of experience 
at the Exolon Company of Thorold, 
Ontario. Plant construction was super- 
vised by him and by E. P. Yockers, 
Mechanical Superintendent of the parent 
company. The company is distinctly 
research-minded; the Director of Re- 
search is G. J. Easter, who is a member 
of the Niagara Falls Section of The 
Electrochemical Society. 
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Uhlig Heads New Inter-Society Corrosion Committee 


The National Association of Corrosion 
Engineers has recently organized an 
Inter-Society Corrosion Committee 
which will carry on many of the activi- 
ties of the former American Coordinat- 
ing Committee on Corrosion and the 
N.A.C.E. Committee on Relations with 
Other Technical Societies, both of which 
it replaces. 

The Committee is made up of repre- 
sentatives of technical societies and 
government agencies working actively in 
corrosion. Uhlig and K,. G 
Compton represent The Electrochemical 
Society. Dr. Uhlig was named Tem- 
porary Chairman, to hold office until 
permanent officers are elected at a meet- 
ing of the Committee to be held in 
April during the 1949 N.A.C.E. Con- 
ference in Cincinnati. Sam Tour was 
named Temporary Vice-Chairman, and 
A. B. Campbell, Executive-Secretary of 
N.A.C.E., is Secretary ex-officio of the 
Committee 

Among the activities and objectives 
suggested for the I.8.C.C. were the fol- 
lowing: to prepare and publish periodi- 
cally a directory of corrosion workers in 
the United States; to stimulate the pub- 
lication of reliable corrosion data and 
to provide publicity for conferences in 
this field; to provide liaison and promote 
cooper: ition among corrosion committees 
of the member organizations; to con- 
tinue the work of the former A.C.C.C. 
subcommittee on standard terms and 
symbols and extend and revise the 
“Glossary of Terms Used in Corrosion”’ 


published in The Electrochemical 
Society ‘‘Corrosion Handbook’’; and to 
encourage and advise on college courses 
on the principles and practices of corro- 
sion engineering. 

The twenty-one organizations repre- 
sented on the Committee as of January 
7, 1949, are listed below: 

Alloy Casting Institute 

American Gas Association 

American Society of Mechanical En- 

gineers 

Electrochemical Society 

National Bureau of Standards 

National District Heating Association 

National Research Council 

American Society for Testing Ma- 

terials 

American Institute of Electrical En- 

gineers 

Technical Association of the Pulp & 

Paper Industry 

American Chemical Society 

American Electroplaters’ Society 

American Association for the Advance- 

ment of Science 

Association of American Railroads 

American Society of Heating and 

Ventilating Engineers 

American Society for Metals 

American Water Works Association 

American Foundrymen’s Association 

American Institute of Chemical En- 

gineers 

Federation of Paint & Varnish Pro- 

duction Clubs 

National Association of Corrosion 

Engineers 
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Gordon Research Conference 
on Corrosion—1949 


The Gordon Research Conference for 
1949, sponsored by the American Asso- 
ciation for the Advancement of Science, 
will be held from June 20th to September 
2nd at the Colby Junior College, New 
London, New Hampshire. The facilities 
of the college have been made available 
for the conferences. 

Meetings will be held in the mornings 
and in the evenings, Monday through 
Friday, with the exception of Friday 
evening. The afternoons are available 
for recreation, reading, or participation 
in discussion groups, as the individual 
desires. Those listed on the program be- 
low will be discussion leaders for the 
subjects named. They will prepare a 
summary of the subject, with pertinent 
questions, and direct the discussion from 
the floor. 


Program for Conference 
H. R. Corson, Chairman 


Loose, 


Vice-Chairman 
July 25 

H. H. Uhlig—‘'Theoretiecal Considera 
tions Pertinent to Localized Corro- 
sion.’’ 

Norman Hackerman—‘‘Effect of Condi 
tion of the Metal Surface on Localized 
Corrosion”’ 


July 26 


F. L. La Que—‘‘Pitting in Sea Water and 

Brines”’ 

W. Lynes—“‘Impingement Attack’’ 
July 27 


Kk. P. Partridge—‘‘Pitting in Boiler 
Waters and Fresh Waters’”’ 

A. Wachter—‘‘Effects of Inhibitors on 
Loealized Corrosion’”’ 


July 28 


A. Brenner—‘Pitting Through Coat- 
ings”’ 

R. B. Mears—‘“‘Granular, Transgranu- 
lar, and Intergranular Corrosion”’ 


July 29 


F. W. Fink—‘‘Techniques for Studying 
Localized Corrosion’”’ 
tequests for additional information 
should be addressed to W. George Parks, 
Director, Department of Chemistry, 
Rhode Island State College, Kingston, 
Rhode Island. 
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Section News 
Cleveland Section 

Approximately forty members and 
guests of the Cleveland Se ‘: tion heard an 
after-dinner talk by Mr. James A. Lee, 
Society President, on ‘‘Society Affairs’’ 
at the meeting on January 11th at the 
Cleveland Engineering Society. 

Following Mr. Lee’s talk, Dr. George 
H. Young of the Mellon Institute of 
Industrial Research gave an excellent 
presentation of the special problems and 
mechanisms involved in the protection 
and control of fouling of ships’ bottoms 
by living marine organisms. This is an 
old old problem and, as vet, has not 
been completely solved. Considerable 
forward strides have been made under 
the pressure of necessity to operate 
cargo and fighting ships in distant waters 
under wartime conditions where fre 
quent docking for bottom cleaning was 
not tactically practicable 

As a result of intensive pre-war work 
by both eivilian and Naval laboratories 
on the problem, antifouling paints are 
now in use by our Navy and are poten- 
tially available to the maritime industry 
generally, having a demonstrated ef- 
fective life of well over two years. It 
is now without question that our research 
produced paints and painting practices 
far superior to those developed by the 
Germans and the Japanese. 

Discussing the fouling phenomenon, 
Dr. Young pointed out that when as lit 
tle as 5 per cent of the underwater surface 
is fouled—particularly in the region of 
the stern—the results are a 25 per cent 
decrease in speed per unit of fuel con- 
sumed. The fouled ship is a sluggish 
ship to handle. When high maneuvera- 
bility is essential, as in a naval engage- 
ment or air attack, a fouled bottom may 
well mean a lost ship. 

The fouling process is complex but, 
reduced to essentials, the larval, forms of 
the prevalent organisms—free swimming 
or freely water-borne—are contacting all 
quiescent underwater surfaces by the 
thousands during the breeding seasons. 
Once attached, metamorphosis into a 
minute adult organism takes place in 
four to twenty-four hours. The nature 
of the organism is extremely difficult to 
discourage and, once attached, the nor- 
mal movement of the surface through the 
water will not carry it away. Therefore 


mitigation involves the prevention of 
primary attachment and development of 
the larval forms of marine life. 

Dr. Young then presented the theory 
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of antifouling paints based on the use 
of toxie surface coverings which have 
stood the test of time. Basically an 
antifouling paint kills, stuns, shocks, 
paralyzes, repels, or otherwise effec- 
tively discourages the larval forms of 
marine plant and animal life that come 
into immediate proximity to it. Barna- 
cles are not poisoned by eating the paint. 
This requires the formulations of a paint 
incorporating a water-soluble toxie in 
such a manner as to insure a steady sup 
ply of dissolved toxic ingredient to the 
water. While superficially simple, there 
are requirements to be met: the initial 
loss of toxic material must not be too 
high; the painted surface must withstand 
severe abrasion when the ship is under 
way; the life should be at least two years; 
and the cost not more than three dollars 
a gallon. 

Out of scores of toxie agents and hun- 
dreds of formulations which have been 
proposed, only copper and a few of its 
compounds, along with arsenic and mer- 
cury derivatives, have had any substan- 
tial usage. Of these the cuprous oxide 
and copper base paints are most com- 
monly employed in specification paints. 

There are three basic types of toxic 
releasing wor regardless of the toxic 
ingredient: (1) gelatinous, water perme- 
ated, swollen, semi-hydrophillic vehi 
cles carrying the ger or pigments; 
(2) hydrolyzable but with tough hard 
and strong film characteristics; and (3) 
non-sacrificing semi- or non-hydrolyzing 
inert vehicles. 

If metallic copper is the sole pigment, 
the paint film may be quite conductive 
when immersed. This, of course, pro 
duces accelerated electrolytic corrosion 
on metal hulls after abrasion has oe- 
curred. It then becomes necessary to in- 
corporate inert pigment with the copper 
to break up the gross cathode surface. 

It is obvious that careful attention 
must be paid to the quality and quan- 
tity of an undercoat system. For this 
reason, the use of multiple, carefully de- 
signed’ undercoats are ine reasingly be- 
coming best ship yard practice. 

‘he meeting was adjourned following 
the usual discussion period. 

Following a dinner on February 8th, 
the Section had as its speaker Secretary 
R. M. Burns. After preliminary re- 
marks concerning secretarial and edi- 
torial affairs and plans for the coming 
Philadelphia meeting, the speaker dis- 
cussed corrosion. He pointed out the 
importance of corrosion control for the 
conservation of our mineral resources 
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There are two general methods em- 
ployed in the prevention of corrosion. 
First, corrosion may be avoided by con- 
trolling the nature of the envirpnment in 
which metallic articles are used. This 
has only limited application. The prin- 
cipal method of controlling corrosion is 
to interpose protective film between the 
metal and environment. Such films 
may be naturally formed as superficial 
corrosion products, as in the case of non- 
ferrous metals, stainless steels, etc., or a 
protective agent such as a dichromate 
may be introduced into the environment. 
Fabricated coatings, the organic or paint 
type, or coatings of non-ferrous metals 
provide the most important means of 
corrosion prevention. Lately, cathodic 
protection has come to be widely applied 
for the protection of outdoor metallic 
structures, tanks, and pipe lines. 

Dr. Burns discussed in detail the ap- 
plication of the EMF series to corrosion 
problems. Finally, he illustrated his 
talk with the usefulness of corrosion cell 
measurements in the study of special 
corrosion problems. 

CHARLES SANBORN, Secretary-Treasurer 


Detroit Section 


Dr. D. T. Ewing, of Michigan State 
College, Be ns the meeting of the 
Detroit Section on February 18th at the 
Sheraton Hotel. Dr. Ewing’s subject 
was “Electrolytic Removal of Trace 
Elements from Concentrated Solutions.”’ 

The speaker included in his discussion 
the precipitation of cadmium, iron, zine, 
—— and aluminum by treatment 
with NaOH and NH,OH from buffered 
and unbuffered solutions of nickel sul- 
fate. He pointed out that precipitation 
of the elements did not occur at a specifie 
pH but rather over a pH range, the 
amount of the elements being precipi- 
tated depending on time and tempera- 
ture. 

Dr. Ewing also discussed the formation 
of colloidal particles detectable with a 
nephelometer at a lower pH than that 
at which precipitation occurred. Fur- 
ther, he discussed the electrolytic re- 
meval of copper from nickel solutions 
pointing out optimum current densities 
for standard conditions of operation. 

A lively discussion period followed. 

M. L. Bary, Secretary-Treasurer 


Midland Section 


Over 100 people, including an invited 
group from the science classes of the 
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High School, attended the February 8th 
meeting of the Midland Section at the 
Dow Auditorium. The featured topic 
for discussion at this time was ‘“Tele- 
vision”; the guest speaker was Mr. 
Joseph F. Conway, Jr., of the Magnavox 
Company, Fort Wayne, Indiana. 

The first two events on the program 
were films: ‘‘Crystal Clear’ by the Bell 
Telephone Company on the growth of 
crystals for frequency modulation, and 
‘‘Master of Flame’’ portraying the use 
of the solid fire extinguishing material of 
the Ansel Company. 

In his speech, Mr. Conway discussed 
the United States and foreign systems of 
television operation, relative to regula- 
tion and control, by government. He 
then outlined the allocation system ac- 
cording to population centers, particu- 
larly stressing the alternate assignment 
of channels in close geographical loca- 
tions to decrease interference. He re- 
ported 54 stations in operation in this 
country at present, the most numerous 
being in New York, Los Angeles, and 
Chicago. The year 1949 should see 
90 in operation with 310 more applica- 
tions pending. The present network 
from the Atlantic Coast to St. Louis, 
and the future West Coast and Southern 
networks, with their ultimate cross ties 
to form a kind of loop as a basis for a 
country-wide network, were outlined. 
The coaxial cable necessary for most of 
this network was described, particularly 
with reference to all the auxiliary wire 
circuits for telephone, telegraph, and 
testing purposes. 

Mr. Conway reported that the in- 
auguration of President Truman received 
coverage by means of television, equal to 
the total combined attendance of all 
previous inaugurations. He discussed 
the other types of popular programs and 
reported that sponsors are now using 
this medium of advertising so that the 
yrograms are continually improving. 

‘herefore, it is hoped that instead of 
losing money as the big television broad- 
casters have done in the past, they will 
break even and make money, this year 
and in the future. 

The speaker presented figures on pro- 
duction of various manufacturers and 
the development of the cathode image 
tube. The various sizes and features of 
these tubes, particularly the new RCA 
metal tubes, were very interesting, the 
speaker reporting that all glass tubes 
are hand blown involving a bottleneck 
which the new metal tube may well over- 
come. He also reported that major 
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moving picture corporations are becom- 
ing interested in television broadcasting 
as such, and are developing 5 station 
cross-country chains for this purpose. 
New moving picture corporations are 
also being formed to produce films for 
use in television. 

A discussion of ‘‘Hotel-O-Vision”’ for 
use in hotels, hospitals, or apartment 
houses, involving a set of master re- 
ceivers and coaxial cables to individual 
rooms, was particularly interesting. 
The ‘“Strato-Vision’’ system proposed 
by Westinghouse was described as being 
particularly important for covering rural 
areas which would be on the fringe of the 
range of ground stations and possibly 
subject to interference. The use of 
“Strato-Vision,’’ involving an airplane, 
might overcome these difficulties as well 
as those from echoes and shadows caused 
by mountains and high buildings. The 
speaker believed that while two of the 
probable three frequency ranges are be- 
ing used for ground installations this 
third and highest range might be allo- 
cated to ‘Strato-Vision.”’ 

Color television was described as being 
in a very pioneer stage and may be five 
years or more in the future by FCC 
regulation. Simultaneous transmission 
of three primary colors from separate 
cameras, or transmission of three pri- 
mary colors alternately are both pro- 
posed. Color television has been dem- 
strated on theater size projection. 

The speaker pointed out that a tele- 
vision set has from five to seven times 
the materials, as far as vacuum tubes, 
condensers, etc., contained in a regular 
radio set, accounting for differences in 
price and weight. He discussed tube 
construction and projection systems as 
well as various safety features incor- 
porated. He covered the technical as- 
pects of transmission and reception as 
well as the synchronization of receivers. 
He then discussed the local picture as 
far as present and future stations in the 
vicinity. 

Mr. Conway’s speech was thoroughly 
enjoyed by all those who attended the 
meeting. 

F. W. Koerker, Secretary-Treasurer 


Niagara Falls Section 


The Niagara Falls Section had a very 
interesting meeting at the Red Coach 
Inn on January 12th. President of the 
Society, James A. Lee, addressed the 
members in an after-dinner talk on 
‘Society Affairs,’’ a discussion of the 
current activities of the National So- 
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ciety. A résumé of this talk will appear 
in a future issue for the benefit of the 
Society members not attending the 
meeting. 

Following Mr. Lee’s talk was an ad- 
dress by Dr. O. M. Morgan of the Allied 
Chemical & Dye Corporation, Buffalo, 
New York, on the subject “Use of De- 
tergents in Electrochemistry.” 

At the previous meeting of the Section, 
Dr. R. B. Mears, Manager of the Re- 
search Laboratory, Carnegie-Illinois 
Steel Corporation, Pittsburgh, discussed 
the subject ‘‘Causes of Localized Corro- 
sion.”’ 

According to Dr. Mears, localized 
corrosion of metal surfaces is often at- 
tributed to the presence of impurities in 
the corroding metal; however, there are a 
number of other causes of localized at- 
tack which are of far more practical 
importance than are impurities or econ 
stituents. Other known or possible 
causes are: (1) metallurgical factors, in- 
cluding grain boundaries, orientation of 
grains, differential grain size, and dif- 
ferential heat treatment; (2) surface 
roughness, including local scratches and 
abrasions; (3) differential strain; (4) dif- 
ferential pre-exposure to air or oxygen; 
(5) differences in degree of aeration, 
heating, illumination, and agitation; (6) 
difference in shape and contact with dis- 
similar metals; (7) certain complex cells 
may influence the corrosion factor, and 
externally applied potentials have been 
found to be responsible for certain severe 
eases of corrosion. 

M.S. Kircuer, Secretary-Treasurer 


Pittsburgh Section 


Dr. J. M. Bialosky, of the Carnegie- 
Illinois Steel Research Laboratories, pre- 
sented a very interesting and complete 
review of ‘‘Laboratory Corrosion Test 
Methods” in his talk to the Pittsburgh 
Section, given at the meeting at the 
Mellon Institute on November 15th. 

In general, said Dr. Bialosky, labora- 
tory corrosion tests may be divided into 
three classifications: quality control 
tests, evaluation tests to evaluate either 
materials or environments, and funda- 
mental studies. The objectives, equip- 
ment and instrumentation, methods of 
evaluating corrosion damage, and the 
significance of specific tests falling under 
the above classifications were discussed 
in detail. 

At the conclusion of the talk an infor- 
mal round table discussion of laboratory 
corrosion testing took place; Dr. Bi- 
alosky acted as discussion leader. 


CURRENT AFFAIRS 81C 


The keen interest shown attested to the 
general success of the meeting. 
G. C. ENGutsu, Secretary-Treasurer 


Notice to Electronics Division 


There will be an election of officers for 
the Electronics Division at the Phila- 
delphia Convention in May. Members 
are requested to send nominations for 
officers to Dr. E. F. Lowry, Sylvania 
Electrie Corporation, 126 Washington 
Street, Salem, Mass., as early as possible 
before the Convention. 


Electrothermic Division Nominees 


The nominations listed below for the 
annual election of officers for the Electro- 
thermie Division will be voted on at the 
Philadelphia Convention in May. 
Chairman: Julian Glasser, Armour Re- 

search Foundation, Chicago, Illinois 
Vice-Chairman: C. H. Chappell, 3rd, 

National Carbon Company, Niagara 

Falls, New York 
Secretary: A. E. Pavlish, Battelle Me- 

morial Institute, Columbus, Ohio 


Request from the 
Publication Committee 


Many of the manuscripts submitted 
recently for publication have been 
duplicated copies which the authors pre- 
pared for convenience and easy availa- 
bility of extra copies. Such copies are 
perfectly acceptable if their execution is 
such as to present no problem of clarity. 
Very frequently, however, we find that 
some words, letters, figures, or other 
marks do not reproduce well on copies 
produced by the hectograph process. A 
reviewer who is well versed in his subject 
will find little difficulty with correct in- 
terpretation of the missing matter. 
The editor, however, cannot be expected 
to correct illegible numbers, literature 
references, etc. Likewise, the printer 
is not a technical expert, and is liable 
to make many mistakes in type set- 
ting, especially from copies with poor con- 
trast. 

The main difficulty seems to lie with 
the type of paper chosen for the repro- 
duction from the master sheet. Only 
certain types of paper lend themselves to 
a clear transfer of the purple ink. We 
urgently request authors who want to 
submit hectographed copies to make sure 
that the proper kind of paper is used and 
that all copies which they submit are 
clearly legible. 
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Personals 


Leon R. Westrsrook, of C. H. Prut 
ton Associates, was appointed General 
Chairman of the 1950 Spring Convention 
of The Electrochemical Society, to be 
held in Cleveland, Ohio. 


MicuarEt A. STREICHER has recently 
joined the Engineering Research Labo 
ratory, E. I. du Pont de Nemours «& 
Company, Wilmington, Delaware. Dr. 
Streicher was formerly with the Corro- 
sion Research Laboratory, Bethlehem 
Pennsylvania. 


M. Srmnap, recently of Cambridge, 
England, and the winner of the Weston 
Fellowship in 1948, is now in the United 
States where he is continuing his research 
at the Carnegie Institute of Technology, 
Pittsburgh, Pennsylvania. 


Jan H. ReEIMeERs is now connected with 
the Falconbridge Nickel Mines Limited, 
Faleonbridge, Ontario, Canada. Mr. 
teimers had formerly been with the 
Aluminum Company of Canada, Arvida, 
Quebec. 


FraNK F. Coucorp, formerly Vice 
President and Manager of Metal Sales, 
of the United States Smelting Refining 
and Mining Company of New York, is 
now residing at 2595 Devonport Road, 
San Marino, California. 


C. Frep GuRNHAM has been appointed 
chairman of the Department of Chemical 
Engineering, in the Tufts School of En- 
gineering, according to a recent an- 
nouncement of the Trustees of Tufts 

College. Dr. Gurnham’s research pa- 
pers in the field of chemical and sanitary 
engineering have appeared in le: iding 
technical journals, and he is also chair- 
man of a committee, sponsored by the 
American Electroplaters’ Society, deal- 
ing with problems in the field of electro- 
plating. 


Mortimer C. Bioom, for a number of 
years a research associate on the M. I. 1 
staff, and more recently in private prac- 
tice as a research consultant, has joined 
the staff of the Naval Research Labora- 
tory, Washington, D. C., as consultant 
to the Metallurgical Division. 


ALBERT O. CROBAUGH is now with the 
Curtiss-Wright C orpor: ition in Verona, 
New Jersey. Mr. Crobaugh was previ- 
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ously employed by the Ingersoll-Rand 
Company, Washington, New Jersey. 


Dr. Vinal Honored 


Dr. George Vinal, of the National 
Bureau of Standards, recently was chosen 
to receive the Department’s Meritorius 
Service oe re d for outstanding service. 

The aw: was presented by the Sec- 
retary o C ‘ommerce at a ceremony of the 
First Honor Awards Program of the De- 
partment of Commerce, in the Inter- 
departmental Auditorium, Washington, 
D. C., on February 14th. 


| Professor Erich Muller 


One of Europe’s best known elee 
trochemists, P rofeanor Erich 
le +r, of Dresden, Germany, died : 
the age of 78 on November 15, 1948. 
| Professor Miiller, who retired in 
| 1935 from his position at the In- | 
stitut fiir Elektrochemie und 
Physikalsche Chemie in Dresden, 
was succeeded by Professor Fried 
rich Miiller. | 
Erich Miller was born in Chem- 
nitz and studied gg in 
Strasbourg and Berlin. Following | 
a stay in England, he went to | 
| Géttingen in 1899 to work under | 
Walter Nernst. He later held | 
positions at the Technische Hoch- 
schule, Braunschweig and the | 
Technische Hochschule, Stuttgart 
| and at the Institut fiir Elektro- 
| echemie und Physikalische Chemie 
in Dresden. He held the degree 
of Doctor Honoris Causa from 
Stuttgart and during his many 
vears of teaching drew students 
not only from Germany but from 
all over the world. Among his 
many publications are his papers 
| on the electrolysis of alkali chlo- 
| rides and on the theory of chro- 
mium plating. His best known 
books are: ‘‘Das Eisen,”’ “‘Elektro- 
chemischer Praktikum,” and ‘Die 
Potentiometrische Massanalyse.’’ 


| 
Are Your Dues Paid? 


All membership dues for 1949 not paid 
by April Ist are overdue. Kindly send 


your check as soon as possible in order 


to retain your membership. — 
The Electrochemical Society, Ine. 
235 West 102nd Street, New York, N. Y. 
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New Members 


At the meeting of the Executive Com- 


mittee held on February 2, 1949, at the 
office of The Electrochemical Society, 
Inc., 235 West 102nd St., New York 


City, the following were elected to mem- 
bership: 
ERNST G. 


BAARS, Signal Corps En- 


gineering Labor: tories, Fort 
mouth, mailing add.: RFD 1, Box 27 
Long Branch, New Jersey (ations 


and Theoretical Electrochemistry) 

HARRY M. FISHER, Foote Mineral 
Company, mailing add.: 4041 Ridge 
Avenue, Philadelphia, Pennsylvania 
(Electro-organie and Electrodeposi- 
tion) 

PERCY F. GEORGE, The Dow Chem- 
ical Company, mailing add.: 810 State 
Street, Midland, Michigan (Battery 
and Corrosion) 

JOSEPH M. MARGOLIS, General Elee- 
tric Company, mailing add.: 3628 
Blanche Road, Cleveland 18, Ohio 
(Electronics) 

WALLACE M. McNABB, University of 
Pennsylvania, mailing add.: Harrison 
Laboratory of Chemistry, 34th and 
Spruce Streets, Philadelphia 4, Penn- 
sylvania (Theoretical Electrochem- 
istry and Electrodeposition) 

KENNETH B. MEYER, National Lead 
Company, Research Laboratory, mail- 
ing add. : Mill River Road, C happ: iqua, 
New York (Battery) 

JOHN 8S. PEAKE, Indiana University, 
mailing add.: 1018 E. First Street, 
Bloomington, Indiana (Theoretical 
Klectrochemistry, Corrosion, and Elec- 
trothermic) 

PHILIP J. PRANG, JR., mailing add.: 
Arthur H. Thomas Company, W. 
Washington Square, Philadelphia 41, 
Pennsylvania (Theoretical E lectro- 
chemistry and Electrodeposition) 

FREDERIC W. REUTER, JR., mailing 
add.: Lamp Department of General 
Electric Company, Nela Park 85, E. 
Cleveland 12, Ohio (Electronics) 

DEXTER A. SEXTON, JR., mailing 
add.: National Carbon C ompany, Ni- 
agara Falls, New York (Alkali and 
Chlorine) 

JOSEPH F. SPEAR, Leeds and North- 
rup Company, 4901 Stenton Avenue, 
Philadelphia 44, Pennsylvania (Elec- 
tronics and Theoretical Electrochem- 
istry) 

JAMES H. THOMPSON, Du Pont Com- 
pany, mailing add.: 421 Jefferson 
Avenue, Niagara Falls, New York 
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(Electrothermic, | Electrodeposition, 
and Industrial Electrolvtic) 
LEO H. VERBEEK, mailing add.: ¢/o 
Bibliotheek-Centr: ale, N. V. Philips” 
Gloeilampenfabrieken, Eindhoven, 
Holland (Electrodeposition and Elec- 
tronics) 


RALPH G. VERDIECK, Foote Mineral 


Company, mailing add.: 226 E. Bene- 
dict Avenue, Havertown, Upper 
Darby, Pennsylvania (Theoretical 


Electrochemistry, 
and Electronics) 
IF. J. WOLFE, mailing add.: National 
Carbon Company, Ine., P. O. Box 
6087, Cleveland 1, Ohio (Battery) 


Electrodeposition, 


Future Meetings of 
Other Organizations 


National Electrical Wholesalers Associa- 


tion, 41st annual convention, Nether- 
land Plaza Hotel, Cincinnati, Ohio, 
May 1-6. 


American Gas Association, 
and chemical conference, Hotel 4 
Yorker, New York City, May 23-2 

American Society of Re frige rating I ia 
neers, 36th spring meeting—cruise, St. 
Lawrence and Saguenay Rivers, start- 
ing from Montreal, June 5-9. 

American Institute of [lectrical Engi- 
neers, summer general meeting, New 
Ocean House, Swampscott, Massa- 
chusetts, June 20-24. 

American Society of Heating and Venti- 
lating Engineers, semiannual meeting, 
Minne: apolis, Minnesot a, June 21-23. 

New York State Association of Electrical 
Contractors and Dealers, Inc., Golden 
Anniversary Convention, Saranac Inn, 
New York, July 2-9. 


production 


From the Publishers 


An INrRODUCTION TO THE PuHysics oF 
Merats AND ALLoys by Walter Boas. 
Published by John Wiley & Sons, Inc., 
New York, 1948. 193 pages, $3.50. 


Written mainly for metallurgist and 
chemists, this book is a thorough study 
of the physics of metals. The aims of 
this field of metallurgy are (1) to explain 
the properties of metals and alloys in 
terms of the properties of atoms, and 
(2) to show how to produce a material 
with a desired set of properties. The 
main principle of the book is that the 
properties and the arrangement of the 
crystals determine the properties of the 
polyerystalline aggregates. 
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Letter to the Editor 


Dear Sir: 

I read with interest the suggestion by 
Arthur L. Smith in the February issue 
that the oral presentation precede } yub- 
lication of papers. This idea deserves 
earnest consideration. It is perhaps 
pr i to re-examine a long-established 
policy of the Society which differs from 
that = many other scientific societies 
The By-Laws require, I believe, that a 
paper be submitted in full sever: ul months 
“es ‘fore a meeting and that it be approved 
by the Publication Committee before its 
presentation. It has been our object to 
publish, if possible, such papers before 
seanentation. In recent years it has 
been found necessary to make exceptions 
in an increasing number of cases, usually 
because of the rather long time, a min- 
imum of fourteen which is un- 
fortunately necessary between  sub- 
mission of a manuscript and its final 
appearance in the JOURNAL. 

The requirements of our present pro- 
eedure too often result in inadequate 
time for review, revision, and editing. 
\t least half the papers now given are 
not, published until after presentation 
mt d consequently are not available 
the basis for discussion at the meetings. 
Under the system proposed by Mr. 
Smith, the results of research could reach 
the Society more promptly. Informal 
discussion might also be stimulated by 
the absence of recording equipment with 
its attendant complications. Important 
comment on the work after its publica 
tion could then take the form of letters 
to the Editor. 


weeks, 


THOMAS 
New Jersey 


Upron B. 
Summit, 


Employment Situations 


Please address replies to box shown, 
» The Electrochemical Society, Ine. 


935 W. 102nd St., New York 25, N. Y. 


Positions Available 


Recent GRADUATE, trained in the 
modern advances in physical chemistry 
ind familiar with electrochemical proc- 
exchange resins; absorption 
phenomena; ete. Large progressive 
chemical metallurgical corporation of 
the Middle West. Re pli y to Box A-208. 

CHEMICAL ENGINEER for development 
work in electronics and corrosion fields. 
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Three to five years’ industrial experience 
in electrochemical development or pro- 
duction required. Large chemical in- 
dustry in the Southwest. Reply to Bor 


A-209. 

ResEARCH  Pacifie 
Coast Area, for research on materials 
and fabrication of chemical process 


equipment. Prefer Ph.D. in physical 


metallurgy with several years’ experi- 
ence. Reply to Box A-210. 
Positions Wanted 
ELECTROCHEMICAL ENGINEER, many 


years’ experience in the production of a 
wide variety of chemical and electro- 
chemical products. Expert in electro- 
Iyt tic alkali and chlorates. Ph.D. of 

Columbia 1925; of Chinese birth: speaks 
English fluently. Desires position in 
electrochemical engineering. Reply to 
Box 329. 


Recent Patents 
Selected for 


W. Dodson, 
Committee, 


electrochemists by Fred. 
Chairman of the Patent 
from the Official Gazette. 


January 4, 1949 


Miller, N. F 
Pigment. 
Unschuld, 


., 2,458,286, Phosphorescent 


1. M., 2,458,321, Tube. 


Flow 


January 11, 1949 


Chester, A. E., and Reisinger, F. F., 
2,458,504, Reaction Products of Gela- 
tin and Aldonic Acids and Process for 
Making Same. 

Nachtman, J. 8., 2,458,525, Method and 
Apparatus for Brightening Tin Plate. 

Sehulz, H. B., 2,458,651, Processes for 
Producing Low Carbon Chromium 
Steels. 

Brenner, A., and Meites, T. 8., 2,458,676, 
Apparatus for Electroplating. 

Booe, J. M., 2,458,827, Eleetrodeposition 
of Lead-Tin-Antimony Alloys. 

Dyer, J. R.,Jr., and Rowan, T. J., 2,458,- 
839, Electrodeposition of Indium and 
Its Alloys 

Ruben, 3., Alkaline 


2,458,878, Primary 


Cell. 
Creighton, H. J., and Hal 
158,895, Eleetrolytie Process for Re- 


ducing Sugars. 
Jacobs, J. H., 2,458,908, Method of Strip- 
ping Electrodeposited Manganese. 
Sconce, J. 8., and Johnson, A. N., 2,459,- 
049, Photochemical 
Hydrocarbons. 


Chlorination of 


The Profession of Electrochemistry 


III. Opportunities in the Electroprocess Industries 
R. M. Burns* 


The chemical industry has become the 
largest segment of American industrial 
effort. Through the years of business 
depression and war-time boom, chemis- 
try has shown continuous and spectac- 
ular expansion. Its new products have 
developed new demands since they have 
provided new satisfactions to the con- 
suming public. 


Allied Industries 


Basie to the chemical industry and 
comprising a large part of it are the so- 
called electroprocess industries—another 
term for electrochemical industry. 
Alkali, chlorine, alloy steels, electrolytic 
copper, zinc, lead, aluminum, magne- 
sium, graphite, and abrasives, to name 
some of the principal products of these 
industries, are both the raw materials 
of other industries and the finished prod- 
ucts of commerce. Electroprocesses 
are used in the fabrication and treatment 
of these and other materials. Electro- 
plating, electroforming, and _ electro- 
polishing are familiar and obvious ones. 
The storage battery industry employs 
electrolytic processes in the manufacture 
of battery plates. Many other examples 
could be cited. 

In magnitude the electrochemical in- 
dustry can be most readily portrayed by 
the fact that it consumes about 20 per 
cent of the nation’s electric power—an 
amount that is three times the total 
power generated in the United States 
thirty-five years ago. The steadily in- 
creasing demand for the products of 
electrochemistry suggest a continuing 
expansion of plant facilities and, what 
is of the utmost importance, electro- 
chemical engineers to operate them. 


University Courses Inadequate 


The teaching of electrochemistry has 
not kept pace with the development of 
* Director, Chemical Research, Bell Telephone 


Laboratories, Murray Hill, New Jersey, and Secre- 
tary of the Electrochemical Society. 


R. M. Purns 


the industry. Many university courses 
cover only the most elementary phases 
of the subject, with the result that it has 
become necessary to employ chemical, 
electrical, and and 
to try to teach them the essentials of 
electrochemistry. These men _ usually 
lack the basic understanding of electro- 
chemistry necessary for their profes- 
sional advancement and for the most 
effective prosecution of their work. As 
a consequence the industries which em- 
ploy them may well fail to benefit from 
the latest advances in the field. 

When university authorities and 
students more fully understand the op- 
portunities for electrochemists, courses 
in the subject will be more widely offered. 
In the meantime, young college grad- 
uates who have had the good fortune to 
receive training in electrochemistry will 
find exceptionally attractive industrial 
opportunities. 
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Technical Notes and Reviews 


Physical Properties of Iron 
Deposited from Chloride Baths* 


I. Larson,t R. W. Moulton,t and G. L. Putnamt{ 


Abstract 


Determination was made of the effects 
of pH, temperature, current density, and 
ferric iron concentration on the physical 
properties of iron deposited from a 
chloride bath corresponding to the com- 
position specified for the U. S. Rubber 
Company “Ekko” process. Average 
tensile strengths varied from 37,700 to 
68,700 psi, with elongations of 0 to 12.5 
per cent. Of the variables investigated, 
change in pH produced the most pro- 
nounced effect on the properties of the 
iron. 


Introduction 


Although electroforming as a practical 
metal-forming method is relatively new 
(1), the basie process itself is not. 
Electrotyping (electrodepositing copper 
on a wax mold), a kind of electroforming, 
dates back over one hundred years. The 
first success in ele etroforming, except for 
electrotyping, was apparently in_ the 
manufacture of boiler tubes. About 
thirty years ago, iron tubes were electro- 
formed in Grenoble, France (2); Milford, 
Connecticut (3); and Niagara Falls, New 
York (4). Due possibly to lack of under- 
standing of the fundamental variables 
involved, these plants are not in opera- 
tion today. 

World War II hastened the develop- 
ment of electroforming. The services 
demanded some unusual parts which 
could be made in no other way. The 
facilities of conventional forming meth- 
ods were overtaxed. Costs were only a 
secondary consideration. As a result of 
the accelerated development work, tech- 
niques were improved and costs reduced 
so that now electroforming is finding a 
definite place among the metal forming 
methods. This paper describes some of 


* This paper, which was presented before the New 
York Meeting, October 13 to 16, 1948, is based on 
thesis submitted by Irving Larson in partial fulfill- 
ment of the requirements for the degree of Master of 
Science in Chemical Engineering. 

tThe University of Washington, Seattle, 
Washington. 


the physical properties of electrolytic 
iron that are of interest in consideration 
of electroforming processes. 


Experimental 


Electrolysis —The ferrous chloride 
electrolyte, contained in a ten-gallon 
earthenware crock, was heated with 
glass-covered electric resistance ele- 
ments immersed in the electrolyte. 
Temperatures were maintained within 
0.1°C. of the desired value by means of 
a thermoregulator. Nickel anode and 
cathode bars were used because of their 
corrosion resistance and because traces 
of nickel do not deleteriously affect iron 
plating baths. The cell was equipped 
with resin-impregnated transite cover 
stirrer and thermometer, and had sus- 
spended within it asbestos cloth bags 
containing activated charcoal. By 
means of a constant level device, dis- 
tilled water or other solution was added 
continuously as evaporation took place. 
By addition of hydrochloric acid and 
ferric chloride to the solution used to 
replace the water evaporated from the 
cell, it was possible either to vary the pH 
and ferric iron concentrations or to 
maintain them at constant values. 

Four 20-gauge, cold-rolled, mild steel 
cathodes, each 12 in. x 0.75 in. x 0.03 in. 
(30.5 em. x 1.9 em. x 0.07 em.) were sus- 
pended between eight 14 gauge, —_— 
iron anodes of dimensions 14 in. x 0.7 
in. x 0.06 in. (35.5 em. x 1.9 em. x 0.14 
em.). The anode-cathode separation 
distance was 3 inches. Two cathodes 
were hung from éach of two cathode bars 
giving two parallel circuits through 
which the current density could be 
varied independently. There were some 
errors in the current density determina- 
tions because of leakage currents be- 
tween the cathodes and because the 
edges of the cathodes received more cur- 
rent than the central portion. Our 
procedure allowed us to make duplicate 
trials at two different current densities, 
with the certainty that electrolyte com- 
position and temperature were identical. 
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To prevent contamination of the elec- 
trolyte while producing a surface from 
which the electrolytic iron could be 
stripped, all electrodes were cleaned by 
making them the cathode in an alkaline 
bath (NasCOs, 30 g./l.; NasPO,, 15 g./I.; 
NaOH, 7.5 g./l.). A steel anode was 
spaced 4 inches from the work, and the 
operating conditions were a cell voltage 
of 6 volts, a temperature of 70° C., and an 
electrolysis time of 30 seconds. The 
electrodes were then made the cathode 
for 3 to 5 minutes in an acid pickling 
bath (H.SO,, 47.5 g.; HCl, 10.3 g.; NaCl, 
22.5 g./l.) with duriron anodes, a tem- 
perature of 70° C., and a cathode current 
density of 75 amp. per sq.ft. The clean- 
ing procedures are among those listed by 
I:ngel (5). 

Bath purification. 
100 + 15 g./l. of 


The bath contained 
ferrous iron as the 
technical chloride, and 100 + 5 g./l. 
technical calcium chloride (6). For 
small variations in conce ntrations, the 
properties of electrolytic iron are not a 
function of calcium chloride or ferrous 
chloride concentrations (7,8). Calcium 
chloride was determined by Scott’s 
procedure (9), in which iron is precipi- 
tated with ammonium hydroxide before 

calcium oxalate precipitation. Ferrous 
iron was determined by titration with 
potassium dichromate using diphenyl- 
amine as an internal indicator (9). Fer- 
ric iron was determined by the ammo- 
nium thiocyanate method (9) using a 

Klett-Summerson colorimeter. 

A most critical variable in the electro- 
deposition of iron is the purity of the 
bath, as shown by Stoddard (8) and Mc- 
Fadyen (10). Only by cleaning the bath 
by boiling with electrolytic iron powder 
and by filtering through activated carbon| 
was it possible to obtain consistent re- 
sults. After the treatment with pow- 
dered iron ferric chloride was added to 
bring the ferric ion concentration to the 
desired value. Iron carbides react with 
acids to give liquid and solid hydrocar- 
bons (11), and presumably a similar 
reaction takes place at anodes containing 
iron carbides. Fig. 1 ‘illustrates the 
effect of cleaning the bath; strip no. 1 was 
plated before cleaning, and strip no. 2 
after cleaning the bath. For this reason, 
activated carbon was suspended in 
asbestos cloth bags in our cell so that the 
electrolyte would be continuously puri- 
fied during cell operation. The opera- 
tion of the stirrer facilitated the diffusion 
of the electrolyte through the activated 
carbon. 

Tests of physical properties.—The cur- 
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K1c. 1. Iron deposits before purifying 
electrolyte (no. 1) and after purification 


(no. 2). 


rent densities recorded were average 
current densities, no correction being 
made for the increased current density 
on the edges of the specimens. The 
samples plated rather heavily around 
the edges, and, in order to produce a 
uniform cross-section for the tensile 
tests, the edges were cut off with a shear. 
This treatment was severe enough in 
practically all cases to lift up one edge 
of the plate from the base metal, so that 
the electrolytic deposit, of approxi- 
mately 0.03 inch (0.076 cm.) thickness, 
could be stripped and tensile tests made 
on the plate itself. Tensile tests were 
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Fic. 2. Effect of current density on properties of iron plate. Temperature, 90° C.; 


pH, 0.9; ferric iron conc., less than 0.1 g./l. 
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density, 180 amp./ft.? (19.4 amp./dm.*); pH, 0.9; ferric iron conc., less than 0.1 g./1. 


made by standard methods (12), the per 
cent elongation readings being taken on 
a basis of a two inch length. Hardness 
measurements were made with a Barber- 
Coleman hardness tester. Bar-Col read- 
ings were converted to equivalent Brinell 
hardnesses (13). 


Discussion of Results 


Current density.—The effect of current 
density at 90°C. and a pH of 0.9 is shown 
in Fig. 2. Increasing the current den- 
sity had little effect on the hardness, 
caused a slight reduction in tensile 
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strength, and increased the percentage Temperature.—The effect of tempera- 
elongation. The optimum current den- ture under our experimental conditions 
sity at 104°C. was not determined and is shown in Fig. 3. The highest tensile 
may be higher than the value at 90°C. strengths were obtained at about 97°C. 
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Fic. 6. Iron as deposited. Nital etch. 
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Ferrous iron conc., 100 g./l.; calcium 


chloride cone., 100 g./l.; pH, 0.9; ferric iron concentration, 0.0565 g./l.; current den- 


sity, 180 amp./sq. ft.; temperature, 104°C. 


pH.—It would appear that pH is 
probably the most critical variable 
investigated (Fig. 4). At 104°C., de- 
creasing the pH considerably increased 
tensile strength as well as per cent 
elongation, in confirmation of the re- 
sults of Kasper (7), and of Wallace and 
ler. The effect of pH at temperatures 
above 100°C. is of considerable interest, 
since iron of excellent physical proper- 
ties is obtained under very acid condi- 
tions. 

Ferric ion concentration.—The effect 
of ferric iron concentration is shown in 
Fig. 5. Most of the workers in the past 
have tried to keep the ferric iron con- 
centration as low as possible (8, 10, 14) 
but the U. S. Rubber Co. (1, 6) reports 
that moderate ferric iron concentrations 


are desirable. Increasing the ferric iron 
concentration from 0.04 to 0.72 g./l. 
considerably increased the _ tensile 
strength. 

The data show a better combination of 
tensile strength and elongation by in- 
creasing the ferric iron concentration to 
at least 0.72 g./l. 

Grain structure-—A photomicrograph 
of one of the specimens is shown in Fig. 
6. The large equi-axed crystals are 
basis metal; the needle-like crystals are 
electrolytic iron. Interpretation of the 
nature of the “‘sandwich”’ layer cannot 
be made at this time. 

As shown by Storey (15), electrolytic 
iron was found to pass through a transi- 
tion from typical needle to conventional 
ferrite grains at about 910°C. 
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Conclusions 


Of the variables investigated, 
Prt in pli produces the most pro- 
nounced effect on the physical properties 
of i iron deposited from the chloride bath. 

At the optimum pH of 0.6-0.9, in- 
omens the ferric iron concentration to 
a value at least as high as 0.72 g./l. gives 
a better combination of tensile strength 
and elongation than do lower ferric ion 
concentrations. 

The effect of current density on the 
physical properties of electrodeposited 
iron was determined at 90°C. The range 
of current density studied was 25 to 180 
amp./ft.2 (2.7 to 19.4 amp./dm.*). The 
effect of temperature was also deter- 
mined over the range of 90° to 104°C. 
with a constant electrolyte composition 
and current density. 
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Discussion at Portland Meeting 


The following discussion of this paper 
took place at a meeting of the Pacific 
Northwest Section of the Society, held 
at the Portland Public Library, Portland, 
Oregon, September 16th, 1948. 


A. B. Scorr: Was a photomicrograph 
of the electrode section made prior to 
electrolysis to show whether the inter- 
mediate film was initially present? 

G.L. Purnam: Examination under the 
microscope showed no intermediate films 
on the original cathode surfaces. 

ki, C, Gitpertr: What was the current 
efficiency in this process? 

i. L. Purnam: The current efficiency 
was between 90 and 98 per cent. 
JosepH ScuuLetn: Why is it that in- 
creasing the pH causes an increase in 
hardness while increasing current den- 
sity causes a decrease—considering that 
increasing it should increase the pH of 
the electrode film? 

+. L. Purnam: I assume that you refer 

to the general effect of increasing current 
density on increase in the pH of cathode 
films. There are two possible explana- 
tions, either one of which may apply in 
the present case: 

(a) Current density of itself can have 
a marked effect, because of changes in 
crystal size due to variation in the rate 
of crystal growth and because of changes 
in the ferrous and ferric iron concentra- 
tions in the cathode film. Indeed, with 
sufficiently high current density the 
ferrous and ferric iron concentrations 
would approach zero in the cathode film, 
as is well known from theoretical studies 
of the limiting current density. 

(b) The hardness of the metal may be 
increased either by hydrogen in solid 
solution or by oxides co-deposited with 
the iron. Decrease’in the hydrogen ion 
concentration should decrease the 
amount of hydrogen in solid solution if 
the concentration of ferrous and ferric 
ions remains constant. On the other 
hand, oxides tend to be formed in the 
iron structures as the hydrogen ion con- 
centration decreases. It is evident that 
change in current density can cause 
either an increase or a decrease in hard- 
ness and tensile strength. 

M. Dote: What are the factors influ- 
encing the tensile strength? (Factors 
referring to atomic or molecular struc- 
iron deposited) 

Putnam: We do not know all of 
which influence tensile 
strength, but in general tensile strength 
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is increased by: (a) elements or com- 
pounds in solid solution; (b) decrease in 
crystal size; (c) strain in the deposited 
metal. Moreover it is possible that 
unstable modifications of iron, that is 
structures other than ferrite, may be 
deposited under some conditions. Par- 
ticularly when deposited at low tem- 
peratures, electrolytic iron has a higher 
electrode potential than annealed elec- 
trolytic iron. 

M. Doe: How did you measure pH? 

G. L. Putnam: With a glass electrode, 
the solution being tested after cooling 
to room temperature. The absolute 
values of the pH may be in rather large 
error because the solutions were cooled 
and because of errors due to the high 
salt concentrations. The pH measure- 
ments are given because they may be 
useful for control purposes. 

GLENN Ware: I have three questions: 

(a) Did you remove the cathode from 
bath, which may account for the inter- 
forced layer? 

(b) What was the cleaning process? 

(c) What was cathode material? 

G. L. Putnam: Answering the ques- 
tions in the order given: 

(a) No. 

(b) The cleaning process is outlined in 
the paper, and is a modification of pro- 
cedure outlined by Engel. 

(ec) Cold-rolled mild steel cathodes 
were used. 


Discussion at New York Meeting 


This discussion of Dr. Putnam’s 
paper took place at the New York Meet- 
ing of the Society, October 15th, 1948. 


Coun G. Fink: Part of the early work 
for this field was carried on at Columbia 
by Dr. Putnam. 
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The problem with which we were con- 
fronted at that time was what to do with 
the iron as a waste product. Indus- 
trially we have rather large quantities of 
iron, solutions that we really do not know 
what to do with. We cannot dig a hole 
in the ground, and we cannot run them 
into the ocean and the rivers. 

So this opens up one of the easiest 
means, the best means for the disposal 
of the waste iron liquors. The solution 
is very easily made up, and it operates 
day in and day out. It is one of the 
best solutions I know of, better than the 
early ones reported in our own TRANs- 
ACTIONS, 

I am glad to see this report, and I hope 
there will be another one shortly on more 
extensive investigation. 

Cuarves L. Faust: I would like to 
make another generalizing comment to 
the effect that information of this type 
is always of interest to anyone who has 
to make use of an electrodeposit in what 
we might call an engineering application. 

It is well known that there are stress 
differences in plated metals associated 
with the conditions under which they are 
deposited. 

A set of data of this kind would greatly 
increase in value if stress measurements 
were included. The emphasis on stress 
study has been opened again in theElec- 
troplaters’ Society. Although the sub- 
ject of stress has been known for years, 
recent happenings in the electrodepos- 
ited metals have re-opened the interest 
and greatly enlarged the magnitude or 
the value of knowing the stress char- 
acteristics of the metals. 

Not only the nature of the stress but 
also the magnitude of the stress is in- 
teresting. 


Reminder to Authors 


All papers to be presented at the Fall Convention should be sent, 
at the earliest possible date, to the Office of the Secretary, 235 
West 102nd St., New York N. Y. Manuscripts received before 
June 15th, If accepted, will receive priority in publication date. 
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Moving the Decimal Point Over 


Periodically, there are those of mixed egotism and pessimism who announce that 
everything of importance has now been done. Some physicists at the turn of this 
century conveyed the advice that, since all natural phenomena had been discovered, 
the vounger generation would need to content itself with moving over the decimal 
point through more refined measurements. However, this same younger generation, 
now grown up, has faced everything, it seems, except the predicted boredom. 

There are rumblings of the same kind today—that research has reached its peak, 
The ‘“‘eream has been skimmed off”? and the younger generation will have to get along, 
scratching amidst the rubble of a magnificent era just ended—a lachrymose picture 
that will materialize, if ever it does, for reasons other than lack of opportunities in 
research 

Perhaps to all young men, at some period of their careers, a particular field of 
interest seems barren. The world-shaking discoveries of an untrained Michael 
Faraday, using crude apparatus, appear as belonging to a dim past. The only op 
portunities remaining are supposedly humdrum routine, and modern suecess seems 
more nearly tied in with “get-rich-quick”? radio programs than with scientific and 
engineering discovery. 


To yield to this idea is a mistake. Opportunities for creative thought, and re 


wards that go with such thought are by no meansextinet. In electrochemistry, possi 
bilities of new discovery are especially attractive. It was fairly recently that heavy 
hydrogen or deuterium was found to concentrate in cells used for eleetrolysis of water. 
This discovery aided further scientifie advance, particularly in the field of nuclear 
structure, and played a part in developing the atomic pile. The present day utility 
of beryllium for alloys and X-ray windows is essentially the triumph of an electro 
chemical process for recovery of the metal. Recent medical advances concerned 
with the nature of proteins in blood plasma have been made possible by fundamental 
electrochemical studies. 

\s to the future, one good idea making possible the electrochemical recovery of 
titanium from its ores can cause an impact on the industrial world equal to that of 
stainless steels or the electrolysis of bauxite. The difficulties to be overcome seem 
no different from those that confronted Charles Martin Hall in 1886. As a student, 
Hall heard his professor at Oberlin College describe the marvels of a then new metal 
called aluminum. This metal, it was said, would be used widely if only there were 
some reasonable process for its recovery. Armed with this knowledge, a spark of 
Inspiration, and a reservoir of energy and patience, Hall experimented in his father’s 
woodshed and emerged with the essence of the present electrochemical method for 
aluminum recovery. Hall was richer, and, unlike the situation with radio brands of 
success, the world also gained. A new structural metal was hereafter available that 
only a little while before had been « laboratory curiosity. The scene is now set for 
some electrochemist to repeat history with titanium, the present fair-haired metal 
of the future 

Chis is but one of the challenges Another might be cited with the storage bat tery. 
One major advance in this field would be as revolutionary as the diseovery of the 
incandescent lamp. Still othe¢ examples are numerous in the fields of biochemistry, 
electropolishing, and corrosioné not to mention specifie examples such as the eleetro 
chemical approach to nuclear power, and electricity direet from coal 

Klectrochemistry is a subject in Which men ean do more than move over the deei- 
mal point. 
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Current Affairs 


Varied Programs Featured by Local Sections 


Chicago Section 


An unusually good program was pre 
sented by the Chieago Seetion at its 
Mareh 4th meeting. Three speakers 
were featured, followed by a round table 
discussion 

Mr. Clifford A. Hampel, Vice-Chair 
man ol the Section, opened the meeting 
by introdueing Dr. C. A. Crowley, 
moderator of the round table discussion 
“What is Electrochemical Research?’’ 

Dr. Crowley, in turn, supplied bio 
graphical sketches and introduced the 
speakers: Dr. J. C. Bailar, Jr., Uni 
versity of Illinois, Dr. L. F. Yntema, 
Fansteel Metallurgical Corporation, and 
Mr. J. C. Crummey, Certified Public 
Accountant. Each speaker briefly gave 
his views, and then the meeting wus 
opened to questions and opinions Irom 
the audience 

The audience participation was free 
and sincere The ideas and opinions 
expressed by both the speakers and those 
in attendance showed a deep coneern for 
the present condition and future of all 
phases of research 

Dr. John Bailar, Jr., the first speaker, 
traced the development of research in 
universities. The early schools did not 
engage in it, but in time research devel 
oped as an inspiration to professors and 
students. The published work had great 
value and influence on society. The 
university, in developing these abilities, 
also had to assume responsibility for ad 
vancing human knowledge. in 
dustries realized the value of these ae 
tivities and shared in the responsibility 
by contributing unrestrieted funds for 
its support 

When the universities started training 
research men specifieally for industry, 
sponsored resenureh wis instituted The 
object of this work varied from pure 
research to consulting work with gradu 
ate students being paid in advanced 
degrees 

Dr. Bailar then considered the objeets 
ind results of research work in line with 
the objectives of the university It was 
his opinion that the research topies 
should be fundamental and not develop 
mental. Good instruction in research 


includes a variety of procedures and 
exercise of the imagination. 

Some organic synthesis and mecha- 
nisms of reactions were introduced as 
satisfying the above qualifications while 
solubilities, corrosion studies, and bright 
plating were considered unsatisfactory 

The second speaker, Dr. L. F. Yntema, 
considered electrochemistry as a con 
venient research tool which has devel 
oped and gained a prominent place in 
industry because of its unique control 
factors. The advancement of chemistry 
and electrochemistry has been inter- 
linked with the development through 
physies and engineering of economical! 
sources of electrical power. 

The ability to control energy input is 
essential in the refining of copper, alu 
minum, and manganese. Likewise, high 
energy input has made electric furnaces 
and their many metallurgical products 
possible. Eleetrodeposition and elee 
trophoresis are dependent on the con 
trolled distribution of energy. And, as 
portable sourees of electrical energy, 
we have primary and secondary cells 
These four faetors of energy control 
have made the electrochemical process 
essential to industry. 

Mr. J. C. Crummey reviewed the con 
tributions of science through research 
tosociety. His subject, ‘“Electrochemi 
eal Research from a Lay Viewpoint,”’ 
is self explanatory 

Crummey emphasized the fact 
that the great masses of the people really 
know very little of electrochemistry and 
what it has done toward the progress ot 
civilization. One reason for this is that 
many achievements in this field aet as 
stepping stones to a few large dramatic 
discoveries. Scientists, aceording to 
Mr. Crummey, sare not good press agents 
for themselves 

The speaker traced the gradual de 
velopment of past inventions, through 
which society has become more complex, 
more specialized and this progress has 
created vast wealth and great responsi 
bilities, the complexities of whieh ean 
escape the general observer 

Mr. Crummey foresees, however, still 
vyreatel contributions to industry and 
employment, but believes these must be 
achieved through the free enterprise 
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which has spawned themin the past. He 
believes that the steady trend to higher 
skills cannot but uplift mankind, and 
the new wonders and widely dissemi- 
nated benefits which may be expected 
to develop from research in every field 
of science and industry will increase and 
sustain a great civilization. 


The discussion period following the 
conelusion of the speeches developed a 
lively exchange of ideas and information 
A comparison of the European and 
(American views in research was dis- 
cussed. The future of large seale 
government sponsored research and the 
development of research personnel were 
covered at length. The meeting was 
very successful and enjoyed by all. 

1. DouGtas, JrR., Secretary 


Cleveland Section 


Dr. Herman C. Froelich, of the Lamp 
Development Laboratories, General 
Kleetrie Company, Cleveland, addressed 
the Section on March 8th at the Cleve 
land Engineering Society. 

Dr. Froelich’s subject ‘Lighting by 
Luminescence—-Potentialities and Reali 
ties,’’ is one which he is ably qualified to 
discuss. 

Luminescent light, he said, was shown 
to be characteristically different from 
incandescent light, so far as its origin 
and its spectral distribution is con 
cerned. Many technical applications 
have been found for luminescent light. 
They are attractive because they offer 
advantages with regard to the color of 
light, the efficieney of light sources, 
and many novelty effects that can be 
obtained with them. 

The most important light sources 
are those which utilize the luminescence 
of gases and vapors, and lamps and other 
devices which utilize the fluorescence of 
solid phosphors. Some properties of 
phosphors were discussed and demon 
strated. 

The speaker concerned himself chiefly 
with lighting by luminescence specifically 
with reference to the following three 
types of possible light sources: 

1. Fluorescent and phosphorescent 

chemicals or paints which require 

external excitation, chemilumines 
cent solutions, and bioluminescent 
sources 

2. Eleetron lamps which are potenti 
ally suitable for high brightness 
projection type devices 

3. Fluorescent gas discharge lamps of 
two types: the combination high 
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pressure Hg lamp-phosphors (in- 
direct), and the combination low 
pressure gas discharge-phosphors 
(direct) as in the fluorescent lamp. 
The possibilities, advantages, and 
disadvantages of the various combina- 
tions were pointed out. The present 
fluorescent lamp was shown to be the 
most efficient of all medium wattage light 
sources and, indeed, very close to the 
ultimate that is attainable with them. 
The talk was concluded with a brief 
discussion of potential improvement of 
fluorescent lamps by changing their 
color through choice of suitable new 
phosphors. 
CHARLES B. SANBORN, 
Secretary-Treasurer 


New York Metropolitan Section 


The New York Metropolitan Section 
held a joint meeting with the local see 
tion of the National Association of Cor 
rosion Engineers on March 10th at the 
Building Trades Employers Association, 
New York City. A well-attended dinner 
preceded the meeting. 

The speaker was Mr. H. A. Humble of 
the Metals Protection Laboratory of the 
Dow Chemical Company, Midland, 
Michigan, and his subject was ‘Some 
Observations on the Cathodie Protection 
of Steel and Galvanized Iron.” The 
Dow Chemical Company has pioneered 
in the manufacture and use of magnesium 
for eathodie protection of submerged 
structures. 

In his talk, Mr. Humble pointed out 
that while reactions at the cathode are 
paramount, good anodes are required. 
Anodie behavior is determined by the 
electrolyte, polarization, — protective 
films, and hydrogen evolution. 

In the case of steel piling in sea water, 
cathodic protection did not help much, 
beeause the severest corrosion occurred 
in the splash zone which could not be 
reached by the proteetive current. 
Painting of this area was recommended. 
It was interesting that the continuously 
immersed portion of the piling was 
anodic to the portion serated at the 
tide level. 

In the ease of galvanized hot water 
tanks, magnesium anodes always gave 
good protection at Midland. Further 
more, the tanks aequired a black coating 
which was itself protective. In ag 
gressive waters at other locations, 
eathodie protection was more difficult 
This seemed related to reversal in the 


potential between zine and iron. In 
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Midland water, zine was always anodic 
to iron 

In his summary, Mr. Humble said that 
the current required for cathodic pro 
tection depended on area ratios, po 
tential differences, and the properties 
of precipitated films. An active dis 
cussion followed 

Reported by Warry R. Corson 


Philadelphia Section 


The third meeting of the 1948-49 year 
of the Philadelphia Section was held on 
March 2nd in the Harrison Laboratory, 
University of Pennsylvania. A dinner 
at the Lenape Club in honor of the 
speaker, Dr. Charles L. Faust, preceded 
the meeting 

Chairman R. IL. Cherry ealled the 
meeting to order and asked for the re 
port of the nominating committee 
The following candidates were presented 
and unanimously eleeted for the coming 
vear 

Chairman: Arthur Osol, Philadelphia 

College of Pharmacy & Science 
Vice-Chairman: John F. Gall, Penn 

sylvanian Salt Manufacturing Com 

pany 

Treasures 

Mineral Company 
Secretary: J. F. Uazel, University of 
Pennsylvania 

Following the business meeting, Dh 
Faust of Battelle Memorial Institute 
ind Vice-President of the Society, ad 
dressed the Section on the subject ‘Some 
Metallurgical Aspects of Eleetrochemis 
try.” 

Many of the phenomena encountered 
in electrochemistry are associated with 
surtaces Kleetrodeposition of metals 
eleetrolytie oxidation ind eleetrolytie 
reduetion ol organic compounds ire 


George F. Temple, Foote 


examples of reactions which oecur at 
solid-liquid interfaces formed by metals 
in contact with solutions 

rhe speaker pointed out that it was 
possible to classify reaetions as occurring 
either (1), on the liquid side of the inter 
2),on the solid side of the inter 
tuce Great attention has been paid to 
1, both experimentally and theoretically 
Relatively little attention has been paid 
to the solid surface of the basis metal 
or eleetrode This is the field of ‘Sur 
tuce Metallurgy 

The elassieal example of the impor 
tance of the basis metal is in hydrogen 
overvoltage The solid) surface has 
proved to be a factor in many oxida 
tion-reduction processes not evolving 
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hydrogen (in such cases an equivalent 
term ‘‘metal-overvoltage’’ may be ap 
plied). Processes where the solid sur 
face plays a critical role may be divided 
into two parts: chemical synthesis and 
electrodeposition of metals. 

Regarding chemical synthesis, the 
yields and the products themselves, of 
synthesis reactions, are affected in many 
cases by the properties of the basis 
metal. Thus, (a) erystal size, (b) erystal 
orientation, (¢) presence of stresses and 
strains, and (d) imperfections in the 
surface layer may have a profound effect. 

The same factors affeet the properties 
of electrodeposited metals. The mode 
of preparation of the surface (polishing, 
ete.) may distort the crystals of certain 
metals, causing different results to be 
obtained in both synthesis and electro 
deposition 

About 38 members and guests attended 
the dinner and about 50 were present 
at the meeting 

J. F. Haze, Secretary 


Titanium Production 
Makes New Record 


The titanium industry in the United 
States was featured again in 1948 by 
record-breaking production, shipments, 
and consumption of ilmenite, according 
to the Bureau of Mines, United States 
Department of the Interior. Shipments 
of rutile, likewise, were higher in 1948 
than ever before. Titanium pigments 
capacity was expanded again in 1948, 
close to 10 per cent in that year, and out 
put was at capacity rates for the sixth 
consecutive vear. The output, however, 
failed again to satisfy all demands and 
further extensions to plants are in pros 
pect for 1949 

Announcement in 1948 that E. L. du 
Pont de Nemours & Company would 
produce titanium metal increased the 
growing public interest in this com 
modity, and large-scale production and 
use of this metal were forecast if metal 
costs could be reduced substantially 
News that the Kenneeott Copper Cor 
poration and New Jersey Zine Company 
were going to exploit a very large deposit 
of ilmenite, chief source of titanium 
dioxide, in Quebec, Canada, stimulated 
further publie interest in titanium 

Tilmenite Domestic mines produced 
ind shipped about 372,000 short tons of 
ilmenite in 1948, compared to 336,533 
tons in 1947. 

The National Lead Company mine at 
Tahawas, New York, continued as the 
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world’s leading ilmenite producer and 
again produced more than ever before 
Others were: the Rutile Mining Company 
of Florida, near Jacksonville; the Riz 
Mineral Company, Vero Beach, Florida; 
Yadkin Mica and Ilmenite Company, 
Finley, North Carolina; Caleo Chemical 
Division, American Cyanamid Company, 
Piney River, and American Rutile Cor 
poration, Roseland, both in Virginia; 
and the Ferro-Titan Minerals Company 
and Live Oak Mines, both in Los Angeles 
County, California. 

Rutile.—Rutile production fell 17 
per cent, to 7,100 tons, in 1948, from the 
peak record for 1947. Shipments, on the 
other hand, were double the 1947 rate, 
the lowest since 1943, and established a 
new high record Producers in 1948 were 
the Rutile Mining Company of Florida, 
Riz Mineral Company, and American 
Rutile Corporation, already mentioned 
under ilmenite. 


Potential Water Power 
of the Continents 
According to the U. Geological 


Survey (1948), the potential water power 
of the continents is as follows: 


Africa 2.69 X 10" kw.-hr./yvear 
Asia 149 & 10” kw.-hr./year 
urope 0.672 10" kw.-hr./year 
N. America 0.824 10" kw.-hr./vea 
Oceanin 0.197 10% kw.-hr./year 
America 0.658 10" kw.-hr./year 


Total 6.53 10 kw.-hr./vear 

Our deduction would be that Afries 
should develop a very extensive electro 
chemical industry. Raw materials such 
as copper, cobalt, uranium, gold, ete., 
are available. The immediate problem 
is that of cheap transportation. 


Future Meetings of 
The Electrochemical Society 


Chicago, October 12-15, 1949 
Cleveland, April 19-22, 1950 
Buffalo, Oetober 11-14, 1950 
St. Louis, Spring’, 1951 
Detroit, Fall, 1951 


Volumes Available 


The Society has been notified that Dr. 
Il. HH. Willard has a complete set of the 
PRANSACTIONS for sale. Those who are 
interested should write to Dr. Willard at 
the Department of Chemistry, University 
of Michigan, Ann Arbor, Michigan 
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Additional Generators 
at Grand Coulee Dam 


Award of contracts for the last three 
of IS generating units which will make 
Grand Coulee Dam the greatest: power 
producer in the world was announced 
recently by Secretary of the Interior, 
J. A. Krug. The installation of, these 
and other generators already on order 
is being rushed to help alleviate the 
critical power shortage in the Pacifie 
Northwest 

When the last of these great genera 
tors goes on the line in 1952, the plant 
will have a rated capacity of 1,974,000 
kilowatts. With emergency operation 
in excess of rated capacity, the ultimate 
continuous production, when water is 
available, may approximate 2,200,000 
kilowatts 

The cost of adding these three units, 
including necessary switchyard and 
power plant changes will be approxi 
mately sixteen million dollars and will 
be entirely repaid from commercial 
power revenues 


Future Meetings of 
Other Organizations 


Radio Parts Manufacturers, annual in 
dustry trade show, Stevens Hotel 
Chieago, Illinois, May 17-20. 

American Gas Association, produetion 
and chemical conference, Hotel New 
Yorker, New York City, May 238-25. 

Edison Eleetrie Institute, annual meet 
ing, Traymore Hotel, Atlantie City, 
New Jersey, May 31—June 2. 

American Society of Refrigerating En 
gineers, 36th spring meeting-cruise, St. 
Lawrence and Saguenay Rivers, start 
ing from Montreal, June 5-9. 

American Society of Heating and Ven 
tilating Engineers, semi-annual meet 
ing, Minneapolis, Minnesota, June 20 


American Institute of Eleetrieal En 
gineers, summer general meeting, New 
Ocean Llouse, Swampscott, Massachu 
setts, June 20-24 

American Electroplaters’ Society, 36th 
annual convention, Schroeder Hotel, 
Milwaukee, Wisconsin, June 27-30. 

New York State Association of Eleetrical 
Contractors and Dealers, Ine., golden 
anniversary convention, Saranae Inn, 
New York, July 2-9 

American Institute of Eleetrieal En 
gineers, Pacific general meeting, Fair 
mont Hotel, San Francisco, California, 
August 23-26 
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OSC CURRENT 
Personals 
C. N. Ritenarpson, for 24 yerurs as 


with the Mathieson Chemica! 
Corporation, and previously with the 
Fixed Nitrogen Research Luboratory, 
has opened a consulting office at Youngs 
town, New York, in the Niagara Falls 
Mr. Richardson’s specialties in 
clude mereury-cathode electrolytic cells, 
electric furnaces, and high-tension elec 
trie discharges 


ociated 


aurea 


Caster Moore, past presi 
dent of the Society, retired on Mareh 
Ist after nearly 29 years of active service 
as 2 member of the research staff of U.S. 
Industrial Aleohol Company. He is now 
engaged in consulting practice, with his 
headquarters at Stamford, Connecticut. 


Orvis W. ForrNer is now employed 
at Air Reduction Sales Company, Mur- 
ray Hill, New Jersey. 


Pekka V. Ekko, one of our Finnish 
members, writes that he is now teaching 
in the Technieal Sehool of Turku at 
Suomi, Finland. 


I}. C. Larsen, who until recently has 
been employed at the J.T. Baker Chemi 
cal Company, is now with Sylvania Elee 
tric Ine. at Towanda, Pennsy] 
vanin 


James C. Gourp of the Federal-Mogul 
Corporation, Detroit, Michigan, has 
moved to the Federal-Mogul Corpors 
tion’s Research & Development Division 
at Ann Arbor, Miehigan 


Letters to the Editor 


Exemption from Dues? 


Dear Sir: 
The by-laws of the Society provice 
that ‘‘Members who have reached the 


age of sixty-five and who have paid dues 
for thirty veurs shall thereafter be 
exempt from the payment of annual 


dues; they shall receive the Journal of - 
The Eleetrochemical Society without 
charge 


It is found that a relatively large num 
ber of our members qualify for the appli 
cation of this rule at the present time 
\ few of these have requested that it be 
applied to them, and in such instances 
the rule is now in force It has not how 
ever been applied to the membership of 
the Society in general 
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The present financial condition of the 
Society, while sound, does not admit of 
an extensive application of the rule in 
question but it is realized that members 
who have qualified under this by-law are 
entitled to receive its benefits. On the 
other hand, it is believed from dis 
cussions withsuch members, that in most 
cases they would prefer not to avail 
themselves of the privilege if it presents 
a financial problem. 

It is now proposed to eliminate this 
provision from the by-laws and the 
necessary steps for the amendment will 
probably be taken at an early date. 
However it is felt that those who are 
qualified at this time and wish to avail 
themselves of this privilege should have 
an opportunity to do so, but that the 
Secretary’s office should be notified by 
them within a reasonable time —not later 
than four months from this date—-and 
that without such notification it will be 
understood that the privilege has lapsed 

Tamsure that the Seeretary will appre 
ciate a prompt response from those now 
qualifying who wish to have the present 
by-law applied in their own ecases—as 
they are fully entitled to do. However, 
the directors of the Society will be glad 
to have the privilege waived—in which 
ease no advices to the Secretary will be 
needed ——-by as many of the qualifying 
members as can conveniently sacrifice 
their own interests to those of the Society 
as a whole 

The writer is interested in this situa 
tion in the dual role of (1) a member who 
qualifies for the application of the by 
law in question and (2) treasurer of the 
Society for the last several vears to 
whom the financial problem is real and 
urgent 

W. Winsuip 
Freeport, 


Lists of Periodicals 


Dear Sir: 

I like very much the format of the 
JOURNAL. It is really a nice substitute 
for the Bulletin and the preprints. | 
would, however, like to suggest in this 
connection that the “‘Recent Periodical 
Literature’ which was a regular feature 
in the Bulletin be continued in the Jour 
NAL. 
and useful source of reference covering 


feel that this item is a convenient 


important contributions in electroehem 
istry and its allied branches 
T. L. Rama Cuar 
Bangalore, India 


= 


Vol 9, Vo 5 


Book Reviews 


Scrence av War by J. G. Crowther and 
R. Whiddington. Published by Philo 
sophieal Library, Ine., New York 
City, 185 pages, $6.00. 


This book is an account of the par 
ticipation of British scientists in the 
recent war. It was written for the Sei 
entifie Advisory Committee to the 
British Cabinet, and official sources were 
available to the authors. This is its 
first appearance in this country, although 
Blackett refers to it as having been 
published by Il. M. Stationery Office, 
London, in 1947. The book is written at 

luyman’s level, but very capably. 

The authors have chosen four subjects 
to present, namely radar, operational 
research, the atomie bomb, and naval 
applications other than radar. The 
book deals exclusively with the work of 
British scientists, except for the seetion 
on the atomie bomb. The book is well 
illustrated, and identifies ideas and ap 
plications with names and dates. 

The section on radar, which comprises 
half of the book, is very well presented. 
Considerable space is given to the early 
work in this field, starting with the es 
tablishment of the Committee of Re 
search on Air Defence in January, 1935 
The touch-and-go character of the earls 
British defences is clearly shown. The 
impact of such components as the mag 
netron, klystron, and the Th box is 
indieated, and the principles ot the 
primary weapon‘control and maviga 
tional radars are presented. 

The atomie bomb section is devoted to 
i baekground of the relevant theory, and 
to the handling of the Tube Alloys 
project, as the British equivalent of our 
Manhattan District was called. 

The section of naval applications in 
cludes the Asdie (British sonar), naval 
anti-submarine weapons, magnetic and 
acoustic mines, and under-water explo 
Much of this material is 
presented here for the first time. It in 
cludes a refreshing antidote to the usual 
stute of knowledge:*in deseribing the 
sweeping of the Scheldt Mstuary, it quotes 
minesweeper personnel as saying, “if we 
had known what was there, we should 
ulmost have despaired.” 

The authors emphasize the cooper: ition 
between the military and scientific per 
nis ‘| that is necessary in order to obtain 
the best equipment. Both groups must 
participate as equals, and all of the facts 
must be made available to the scientists. 


sions research. 
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The formulation of researeh and de 
velopment problems is as important as 
their solution. Failure to attain this 
close cooperation was a& major weakness 
of both the German and Japanese war 
efforts 

Scientific participation at the opera 
tional level is also of great value, in the 
recognition and solution of tactical prob 
lems; that is, in the field of operational 
research. This point is brought out by 
the successes cited in improving anti- 
submarine bombing, convoy protection, 
und in minimizing losses in raids by 
heavy bombers. Here also the story of 
the early work is very interesting. The 
major contributions were made by ana 
lytical minds, with an appreciation of the 
elements of statisties and an impulse to 
express problems quantitatively, irre 
spective of previous backgrounds. This 
section is welcome because the im 
portance of operational research is not 
generally realized. It made a consider 
able military contribution and enabled 
some ideas to be implemented in months 
instead of years. It is also important 
beeause of the applicability of the gen- 
eral methods* to many phases of scien 
tific effort and to problems involving 
large numbers of people. 

The authors have done well in omitting 
tiresome detail and retaining the funda 
mentals. To assist the reader in refer 
ring back to the large number of prob 
lems discussed, an index has been 
provided. 


W. HL. MacWinuiams, Jr 


Kinerrons, Avoms, Mrraus, AND AL- 
Loys by William Hume-Rothery. Dis 
tributed by the Louis Cassier Com 
pany, Ltd., London, England, 1948. 
371 pp., $7.00. 


This volume represents an attempt on 
the author’s part to present the essential 
ideas andsome of the involvements of the 
electron theory of metals at a level 
within the grasp of the teehnical mind 
not specifically trained in higher mathe 
maties and modern physics i.e., of the 
‘Gntelligent layman.’’ In so doing, he 
states that reading of the 
present book will not give “any real un 
derstanding of the new theories,”? and 
that it has been designed primarily for 
the man who ean read it but intermit 
tently 

For his particular pedagogieal pur 

* For those who are interested, an excellent sum 


mary is given by P. M.S. Blackett in Advancement 
of Science, V, 17 (1948 
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poses, the author has decided to give the 
subject matter in the form of «a dialogue 
This results in one of the longest conver 
sutions recorded since the time of Plato 
Hlowever, if the attempt falls somewhat 
short of complete success, the blame may 
be divided between the difficult subject 
matter and the novel presentation. Si 
William knows his subject and he knows 
how to write; he has abundantly demon 
strated both of these points before. On 
this oecasion we may disagree with his 
judgmen 

The subject matter ineludes that of 
both his reeent ‘“‘Atomie Theory for Stu 
dents of Metallurgy’? and the earlier 
monograph on * The Strueture of Metals 
and Alloys.”’ The reader, eavesdrop 
ping on a series of chatty discussions be 
tween ©. M. (an older metallurgist) and 
Y.S. (a young scientist) led with 
minimum of pain through the earlier and 
later theories of the hvdrogen atom to 
the undulatory nature of eleetrons, the 
idea of wave mechanics, and the energy 
states of the hydrogen atom, and of later 
members of the periodic system. The 
behavior of the free and the confined 
eleetron leads to the eleetron in a 
periodic field and the Brillouin zones, to 
types of bonding, erystal structure, and 
to the nature of metals, semi-conductors 
and insulators. The valency of metals 
is diseussed, then transition elements 
and ferromagnetism. In the section on 
allovs there is talk of primary solid solu 
tions, phase equilibrium, intermediate 
phases, electron compounds, and super 
lattices \ brief final section outlines 
the structure of the nucleus, ineluding 
fission 

The treatment throughout is essen 
tially non-mathematieal and the discus 
sions proceed by eusy stages The In 
tent of the dialogue presentation is 
stated to be to allow a deliberate raising 
of questions and discussion of diffi 
culties. This purpose is served and the 
reader does benefit by the discussion 
It remains « question whether he might 
not have benefited more had it been east 
into more conventional narrative form 
Too often, the faet of conversation is it 
self distracting; the reader is unavoidably 
led to infer the charaeters of the two 
protaganists from their words, and to 
follow their development with unwilling 
interest 

This reader did not like either of the 
two men. Y. SS. is undoubtedly a bril 
liant student with a staggering memory 
he has a quantity of five-digit numbers 

his beek and eall > he also appears to 
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be am unmitigated prig. For example, 
regarding research work on the physics 
of solids, he savs, “That is quite bevond 
your powers, and, to be honest, 
shouldn’t advise vou to eneourage your 
son to try his hand at it, either. isa 
job for a first-class mathematician only 
Whatever may be the man’s and his son’s 
shortcomings, this is a little brutal, 
though the intent, under the cireum 
stances, is kind 

. M. shows a patience and tolerance 
creditable to Job, and turns the othe: 
cheek to a good many backhanded slaps 
at his lack of adequate baekground, his 
son’s poor chances in physies, the erude 
state of metallurgical science, and the 
antiquity of the metallurigeal education 
Ile apparently forgives the rudeness of 
many such remarks for the considerable 
truth they frequently contain. But this 
attitude is somehow incredible in a pur 
‘captain of industry Even on 
page 371, he has no comment on the state 
ment tthe older (i.e., of O. M.’s age 
were great men--so were 
the Elizabethan sailors 

The concluding chapter is principally a 
plea by Y.S., over O. M.’s feeble and 
half-hearted interjections, in behalf of 
fundamental research in solid state 
eo s. Much as the reviewer dislikes 
Y.5., his enthusiasm in urging his point 
compe ‘Is a reluctant admiration. While 
he would zealously reform overnight the 
painfully evolved existing methods of in 
dustrial research and scientifie eduea 
tion, his reasons are sound as his haste is 
unseemly. What he may overlook, how 
ever, is that the changes he proposed are 
in faet taking place; fundamental re 
search does not particularly need a 
champion H has been shown to pay. 

O. M. may be no physicist, but neither 
is he a fool; he knows where the money 
lies. Otherwise, he would never have 
been at the meeting that brought these 
improbable characters together in the 
first place. I am inelined to think that 
it is his toleranee that restrains him in 
the last chapter. He was willing to 
learn and has been taught, but suspects 
to himself that it may be some time 
before the physic ists invade the easting 
shop; in the meantime he will exploit 
whatever is useful that they have to 
offer. He remembers that metallurgy, 
if not an abstract science, is not exactly 
nu black art either Ile recognizes an 
overwhelming indebtedness to Willard 
Gibbs, whose concepts were at least us 
lofty as Schroedinger’s, and is willing to 
be equally indebted to Sehroedinger to 
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morrow. Ile is willing and anxious to 
promote the science of metals, but if Y. 
S. should drop around and ask for a job, 
he is likely to say, with a cultivated 
British accent, “Pm very grateful to 
you and all that, old man, and I'd like to 
help you out. [ll need a mathematical 
physicist on my staff very soon now 
we’re going into the semi-conductor field. 
But—well, really, you know, I don’t 
think you’d be very happy here. A little 
hard to get along with, what?” 

R. G. TrRevutine 


From the Publishers 


Tecuniques or Huisro- Cyvro- 
CHEMISTRY by David Glick. Pub 
lished by Interscience Publishers, Inc., 
New York, 1949. 555 pages, $8.00. 
Micromethods for the investigation of 

tissues in vivo and in vitro and the analy- 

sis of their constituents have been de- 
ve loped by biologists, chemists, and 
physicists. The author of this manual 

describes his own experiences with mi- 

croscopic, chemical, and physicochem- 

ical techniques and gives a critical selec- 

tion of methods and detailed deseriptions 
of equipment , reagents, execut ion, evalu 
ation, and limitations. 


Organic ReaGents Usep Gravti- 
METRIC AND VOLUMETRIC ANALYSIS 
by John F. Flagg. Published by 
Interscience Publishers, Ine., New 
York, 1948. 314 pages, $6.00. 

The objective of this book is to de 
scribe the various organic reagents 
(precipitants) used in gravimetric and 
volumetric analysis, and to indicate the 
type of analytical procedure in which 
they may be used. The material is 
presented in two sections: one devoted 
to theory and the other to applications. 
Information regarding the accuracy and 
precision of methods is given wherever 
available. The bibliography is com- 
plete and current. 


DissoctaTION ENERGIES AND SPECTRA OF 
Diatomic Mouecutes by A. G. Gay- 
don. Published by John Wiley & 
Sons, Inc., New York, 1948. 239 
pages, $5.00. 

This is perhaps the only book dealing 
exclusively with the determination of 
dissociation energies. Dr. Gaydon has 
written his book mainly from the spec- 
troscopic standpoint. However, he in- 
cludes detailed treatments of the deter- 
mination of dissociation energies by 
thermal methods, and also by controlled 
electron impact. 


CURRENT AFFAIRS 


101C 


New Members 


At the meeting of the Board of Diree- 
tors held on March 3, 1949, at the office 
of The Electrochemical Society, Inc., 
235 West 102nd Street, New York City, 
the following were elected to member- 
ship: 

Joun O. Atcuer, Lamp Works of General 
Electric Company, Nela Park, E. 
Cleveland 12, Ohio (Electronies) 

C, Byrns, The Permanente Metals 
Corporation, 1924 Broadway, Oak- 
land 12, California (Industrial Elee- 
trolytic) 

Cietrus M. DouGuerry, Electrochemi- 
eal Laboratory, Building 601, U. 8. 
Naval Base, Philadelphia, Pennsyl- 
vania (Corrosion and Electrodeposi- 
tion) 

Rospert G. Humpnurey, Western Elec- 
tric Company, 555 Union Boulevard, 
Allentown, Pennsylvania (Battery, 
Corrosion, Electrie Insulation, Elee- 
trodeposition, Electronics, Electro- 
Organic, Electrothermic, Industrial 
Electrolytic, and Theoretical Electro- 
chemistry) 

Joun C. Kosmos, Underwood Corpora- 
tion, mailing add.: 72 Vernon Street, 
Hartford 6, Connecticut (Electro- 
deposition) 

Vincent F. Mc Chemical Pro- 
ducts Works, General ‘Electric Lamp 
Department, 1099 Ivanhoe Road, 
Cleveland 10, Ohio (Electronics) 

Henry G. McLgon, E. I. Du Pont Com- 
pany, Niagara Falls, New York 
(Electrodeposition) 

PRAVINCHANDRA M. Makanpia, Jayant 
Metal Manufacturing Company, mail- 
ing add.: 12/2 Sagar Tarang, Cadell 
Rd., Bombay 28, India (Electrode- 
position) 

Wiper L. Merer, Chatham Electronies 
Corporation, 475 Washington Street, 
Newark 2, New Jersey (Electronics) 

Auperr F. Underwood Cor- 
poration, mailing add.: Albany Turn- 
pike, Canton, Connecticut (Electro- 
thermic) 

Henry C. Mitier, Pennsylvania Salt 
Manufacturing Company, mailing 
add.: 709 Wyndmoor Avenue, Phila- 
delphia 18, Pennsylvania (Theoretical 
Electrochemistry, Alkali and Chlo- 
rine, and Electronics) 

GerArD P. Netson, J. T. Baker Chemi- 
cal Company, 128. 12th Street, Phila- 
delphia, Pennsylvania (Theoretical 
Electrochemistry) 

Ernest 8. Nossen, mailing add.: 236 
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Harrison Street, Paterson, New Jersey 
(Battery) 

B. K. R. Prasap, Electric 
Government of Bombay, Foreshore 
Road, Bombay 1, India (Theoretical 
Electrochemistry, Battery, and Power) 

S. C. RasaGoPALAN, mailing add.: 601 
John Jay Hall, ¢ ‘olumbia University, 
New York 27, New York 
Electrochemistry, Organic Electro- 
chemistry, Corrosion, Alkali and Chlo 
rine, and Electrode sposition) 

Homer L. Rosson, Mathieson Chemical 
Corporation, mailing add: 2 Water 
Street, Lewiston, New York (Alkali 
and Chlorine 

KennetH A. Rog, mailing add-.: « 
surns and Roe, Inc., 233 Broadway, 
New York 3, New York (Electrode 
position, Electrothermic, and Theo 
retical Electrochemistry ) 

Davip Scuiain, U.S. Bureau of Mines, 
mailing add.: P. O. Box 348, College 
Park, Maryland (Corrosion) 

Antonio Scorreccit, mailing add.: In 
stituto Siderurgico Finsider, Genova, 
Cornigliano, Italy (Battery, Cor 
rosion, Electric Insulation, Elec 
trode »position, Electronics, Electro 
thermic, Industrial Electrolytic, and 
Theoretical Electrochemistry ) 

Rupoteuw L. Spurrier, San Francisco 
Naval Shipyard, mailing add.: 1466 
Bancroft Way, Berkeley 2, California 
(Electronics) 


Grid Offices, 


Reinstatement 
Jacosp B. Morrison, 
Company of America, 
1701 Second Street, 
vania (Corrosion 
tion) 


Crucible Steel 
mailing add.: 
Beaver, Pennsy!l- 
and Electrodeposi 


Recent Patents 


Selected for electrochemists by Fred. 
W. Dodson, Chairman of the Patent 
Committee, from the Official Gazette 


January 11, 1949 


Rucker, J. T., 2,459,119, Corrosion Re- 
tarder. 

Bates, H. T., Fergus, D. J., and Craver, 
A. F., 2,459,123, Water Heating Device 
with Corrosion Protective Anode. 

Gresham, D. C., and Loening, E. E. 
2,459,129, Production of Photogr: iphie 
Stencils. 


January 18, 1949 


Coates, G. E., 2,459,365, Electrolytic 
Protective Surface Treatment of Mag- 
nesium Base Alloys 


NT 
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D. E. 
Glow 
Greig, H. 
Lemmers, E., 
Lamp. 
Farris, C. E., 
Lamp 


, 2,459,511, Negative 


, 2,459,521, Electrolytie Re- 
2,459 Positive Column 


2,459,633, Fluorescent 


January 25, 1949 


Bonner, W. F., 2,459,788, Full-Wave 
Rectifier in G lass or Other Insulating 
Containers. 


Employment Situations 


vg address replies to box shown, 
c/o The Electrochemical Society, Inc., 
235 West 102nd St., New York 25, New 
York. 


Positions Available 


CuemicaL ENGineer for development 
work in electronics and corrosion fields 
Three to five years’ industrial experience 
in electrochemical development or pro- 
duction required. Large chemical in- 
dustry in the Southwest. Re ply to Box 
A-209. 


teSsEARCH Pacific 
Coast Area, for research on materials and 
fabrication of chemical process equip- 
ment. Prefer Ph.D. in physical metal 
lurgy with several years’ experience 
Reply to Box A-210. 


Mera.vuraist, for research on various 
phases of the electrolytic reduction of 
aluminum. Prefer advanced degree in 
physical chemistry or electrochemistry 
and/or five years’ industrial experience. 
Location Washington. Reply to Box 
1-2/1. 


Positions Wanted 


ELECTROCHEMICAL ENGINEER, many 
years’ experience in the production of a 
wide variety of chemical and electro- 
chemical products. Expert in electro 
lytic alkali and chlorates. Ph.D. of Co- 
lumbia 1925; of Chinese birth; speaks 
English fluently. Desires position in 
electrochemical engineering. Reply to 
Box 829. 


Recent Pu D. in Chemical Engineer- 
ing, Johns Hopkins University, desires 
position specializing in rese: arch or de- 
velopment work. Two years’ chemical 
engineering experience with Chemical 


Warfare Service prior to receiving doc- 
Reply to Box 330. 


torate degree. 
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Feature Section 


A Report from Your President* 


James A. Lee 


In an effort to create closer ties be- 
tween the national organization and the 
local sections of the Society, I have vis- 
ited several of the groups this past winter 
and have tried to inform them regarding 
recent actions of the parent organization. 
Perhaps other members of the Society 
may be reached through this means. I 
have done so as the need for closer rela 
tionships has been very obvious. 

First of all I want to report that there 
is much evidence of growing interest in 
the Society. While for many years about 
36 technical papers were submitted for 
presentation at a national meeting, the 
number has been increasing recently. 
Already more than 80 papers have been 
received for the May meeting at Phila 
delphia. 

Part of this growing interest is proba- 
bly due to the new divisions, Electronics 
and Battery. These divisions show 
every evidence of becoming among the 
most popular in the Society. 

You will be interested in the fact that 
the Board has had a request from several 
of our members in India for permission 
to organize a local section in their 
country. There are also prospects of 
one or two new sections in the United 
States. 

The JourNaL or THe ELEcTROCHEM- 
ICAL Society completed its first year 
with the December issue. It appears 
to have been a success from every view- 
point. Such criticisms as have come to 
our attention have been of a minor na 
ture. During the first few months it was 
extremely difficult to obtain manuscripts 
in time for publication. This difficulty 
has now been more or less overcome and 
the flow of manuscripts is satisfactory. 

The year’s experience has been invalu- 
able. We now believe the time has come 
to make some changes in the editorial 
organization. On the recommendation 
of Secretary Burns the Executive Com- 
mittee of the Board at a recent meeting 
aptctnted Dr. H. H. Uhlig, editor, Dr. 
H. B. Linford and Mr. U. B. Thomas, as- 
oath editors, and Dr. Burns, consult- 
ing editor. Miss Eleanor Reid, in recog- 


* Synopsis of speech made before several of the 
local sections of the Society. 


nition of her increased responsibilities in 
connection with the preparation of the 
manuscripts and news material for the 
printer, was promoted to managing 
editor. 

A conservative policy was followed 
during the first year of the life of the 
JoURNAL. Publication costs amounted 
to nearly 50 per cent of the Society’s 
entire budget; a mistake here might have 
had serious consequences. I am glad to 
be able to report that publication costs 
for 1948 were within the budget. 

Consequently, we now believe it possi- 
ble and advisable to make several 
changes in typography which will im- 
prove the appearance of the JouRNAL. 
The editors are planning other changes 
to make for greater and wider interest. 

Not only has the JouRNAL met the de- 
mands of a large number of the members 
for earlier publication of manuscripts 
and ona monthly basis, but it has also re- 
duced publication costs by several thous- 
and dollars over 1947. 

As a result of this saving, the Society 
has not raised the price of membership 
dues; most other societies have been 
faced with large deficits or increased 
dues. Further, tls saving has helped 
to meet the costs of office rent, increased 
staff salaries, and other expenses. 

The Ways and Means Committee was 
asked to consider the advisability of 
moving the headquarters office to some 
other city. After serious consideration 
it reported that the office should remain 
in New York. Therefore, the lease on 
the present office space at Broadway and 
102nd Street, which expires July 1st, has 
been renewed for another two years, but 
at a 10 per cent increase. One reason 
for considering a move was the fact that 
it is now difficult to find enough members 
of the Board living in New York or 
nearby to make up the required five for 
the Executive Committee, which must 
meet monthly. 

The office staff has undergone some 
changes of personnel during the past year 
and a half which caused some delay in 
handling the large volume of work. This 
situation has likewise been improved to 
the general satisfaction. 
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The Profession of Electrochemistry 


IV. The Electrochemical Engineer 


C, L. Mantell* 


The profession of the electrochemic al 
engineer is difficult to define because it 
is not easily limited. A few years ago 
the Society had a committee on Electro- 
chemical Education of which the writer 
was chairman. After much discussion 
of both committee and open round-table 
type, it was felt that electrochemical en- 
gineering should be taught as a section 
of chemical engineering, with the empha- 
sis on the technical engineering and in- 
dustrial phases. It was felt that elee- 
trochemistry was not a subdivision of 
physical chemistry. Conductance meth- 
ods, pH measurements, overvoltage 
determinations are not electrochemical 
engineering but merely background 
therefor. As part of the chemical train- 
ing, there must necessarily be ac- 
quaintance with theories of ionization, 
neutralization, hydrolysis, amphoteric 
electrolytes, theories of solutions, Debye 
theory, and Debye-Hiickel equations, 
and related subject matter. Most of 
these, if not all, pertain to dilute solu- 


tions. In industry, for all intents and 
purposes, the e ‘leetrochemical engineer 
never meets a dilute solution. In the 


electronic industries he works with mi- 
nute currents, but his background and 
theory are from his electrochemical en- 
gineering studies, as are the huge magni- 
tude of currents he meets in electric fur- 
nace work. 

Electrochemistry has been classically 
defined as the science-wwhich treats of the 
chemical changes produced by the elec- 
trie current and the production of elec- 
tricity from the energy of chemical reac- 
tions. Theoretically the two branches 
are of equal importance. Industrially, 
however, the chemical and _ physical 
changes produced by the electric current 
are by far the more important. 

A Hybrid Science 

Electrochemical engineering is a hy- 
brid science having many ramifications. 
It may be considered primarily as a 
branch of chemical engineering upon 


which certain parts and aspects of elec- 
trical engineering and metallurgy have 


*Consulting engineer, New York, N. Y. 


been grafted. Electrochemical engi- 
neering concerns itself not only with all 
the topics generally considered as elec 
trochemical, but also with the furnishing 
of power to the industries; the utilization 


C. L. MANTELL 


of that power; the design, construction, 
and operation of the equipment, machin- 
ery, and plants employed for the electro- 
chemical products; the economic con- 
siderations involved in the competition 
of chemical and electrochemical methods 
for the same or similar products, as well 
as the sale, distribution, and consump- 
tion of these materials. 


Subdivisions of the Profession 


Electrochemical industries may be 
roughly divided into several classes: (1) 
those of an electrolytic nature, further 
subdivided into those of (a) the electro- 
separation type, represénted by alkali 
and chlorine, (b) the electrowinning 
variety, as represented by copper and 
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zine in which the metals’are the result of 
leaching olore, the electrorefining 
group, of which electrolytic copper and 
nickel are examples, and (¢) the electro 
deposition type, represented by electro 
plating and electrotorming; (2) the fused 
electrolyte group, represented by alu 
minum, magnesium, and the alkali metals 
as examples; (3) the eleetrothermal 
group, examples of which sare calcium 
earbide, cyanamide, graphite, and the 
synthetic abrasives; (4) the products ot 
the eleetrie furnace, which is the means 
of reaching elevated temperatures, such 
as the ferroalloys, electric steel, and 
special alloys; (5) the group in which 
there is conversion of chemical to elee 
trical energy, as represented by bat 
teries; (6) a subdivision which, as the 
result of oxidation or reduction in elee 
trolytie cells, is devoted to the produc 
tion of inorganic and organie products; 
and (7) those concerned with the action 
of the electrie current in effecting reae 
tions and conversions in the gaseous 
phase. Each group has problems and 
applications of the chemical and elee 
trical engineering unit processes. The 
breadth of the industries is shown by 
the list of products of the eleetrie fur 
nace and electrolytic cell in Table I 


Chlorine and Caustic 
Figure | shows 2 flow sheet of chlorine 


and caustic preparation using mercury 
cells. This tlow sheet is simpler than 
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that of diaphragm cells with evaporators 
and separation ol salt from the salt and 
caustic effluent of the cell. The mercury 
cell effluent is free of salt, so that salt 
separation from caustic is not needed 
Yet in both eases only the cell room 
where the electrolysis takes place is elec- 
trochemical; the salt dissolving, brine 
purification, liquor pumping, chlorine 
handling, and liquefaction are straight 
forward chemical engineering 


Batteries 


Batteries are in essence products otf 
assembly lines; in the dry cell form, the 
electrochemistry is in their operation, 
in storage batteries in their “forming,” 
charging, and discharging. Essentially 
the industry fits the process definition of 
chemical engineering 


Plating 


Plating is not an industry of itself; it is 
a finish, competitive with others, and 
oecupies only a small proportionate 
space ina manufacturing plant. The 
electroplating portion of an electrolytic 
tin plate line is perhaps only ten per cent 
of the mechanism. Material handling at 
1000 ft. a minute, continuous operation, 
fusing of the coating, inspection, cut 
ting, and shearing vastly overshadow the 
small plating section, while the equip 
ment furnishing the huge amperages re 
quired occupies more space. 
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Table 1.—Products of Electric Furnace and Electrolytic Cell 


Product 


Alumina, fused 


Alumina, pure 
Aluminum, pure 
Aluminum metal 


Ammonium  persul 


lute 
Anthraquinone 
Antimony 
Barium 
Beryllium 
Bismuth 

Boron carbide 


Cadmium 

Calcium 

Calcium carbide 
Calcium cyanamide 
Carbon bisulfide 


Cerium metals 


shlorine gus 


hrome yellow 
‘hromic acid 


Chromium 
Chromium 


Cobalt 


opper, pure 


oxide 
Deuterium 
Ferrochrome 


Cuprous 


Ferrocolumbium 
Ferromanganese 
Ferromolybdenum 
Ferrosilicon 


lerrosilicon-tita 
nium 
Ferrotitanium 
Ferrotungsten 
Ferrovanadium 


Raw Material 


Bauxite natural alumi 
num oxide 
Bauxite 


Aluminum metal 
Bauxite 


Ammonium bisulfate so 
lution 

Oxidation of anthracene 

Antimony ores 

Fused barium chloride 

Beryl 

Lead refining slimes 

Anhydrous boric acid and 
coke 

Zine 
slimes 


Caleium chloride 


electrowinning 


Lime and coke | 

Calcium carbide (nitro 
gen of the air | 

Coke and sulfur | 

Water, salt 

Rare earth chlorides | 


Water, salt 


Lead 

Oxidation of chromium 
sulfate solution 

Complex chromium ores | 

Chromic acid and sulfuric! 
solution 

Complex ecbalt ores 

Copper ore; erude copper 

Copper 

Water 


(Chrome ore 

Residues from tin ores 
Manganese ore and coke 
Molybdenum ore 

Iron, silica rock, coke 
Bauxite 

Titanium ore 


Tungsten ore 
Iron vanadate 


Electric 


Fur Ele 
rolyt 
x 
x 
x 
X 
| 
| 
| 
| 
| 


trolyt 


x 


Application 


Abrasiy 


es and refractorie 


Insulating material, alumi 
num meta 

Corrosion resistant coatings 

Electric power transmission 
cable; lightweight alloys 
for airplanes, automobiles 
snd trucks deoxidizing 
agent for steel; alumino 
thermuc reactions; ammonal 
ex plosives acid contain 
ers; cooking utensils 

Oxidizing and bleaching 
went, batteries 

Chemicals, dyestuffs 

Alloying agent 

Alloys, eleetren emission 

Light alloys 
1 


Abrasives 


Alloys, plating 


Special uses, radio tubes, 
alloys 
Acetylene for welding, cut 


ting and lighting, acetone 
acetic acic 
Fertilizer, ammonia, cyanides 
carbon 


Solvent, insecticide, 


tetrachloride, artificial silk 
Viscose 

Soap, paper industry, ex 
plosives 


Pyrophorie alloys, automatic 


lighters, tracer bullets and 
hells 

Bleaching, gas warfare, mus 
tard gus, phosgene, chlor 


picrin, silicon tetrachloride, 
explosives, chlorbenzol 


water purification, surgery 
Dakin solution detin 
ning, artificial plasties, hy 


sluminum 
refining 


droehlorie acid, 
chloride for oil 
sanitation 

Paint pigment 


Chromium plating, chemi 
cals 

Alloying agents 

Plating, alloys 

Alloying agent 

Kleetrieal and brass indi 


tries 
Paint pigment 
‘hemical for 
Special and high-s} 
armor plate, proj 
Alloys, addition a 
steel, stainless 
Steel, permanganates 
Special steels 
Making steel, making hydr« 
gen 
Steel deoxidizer 


scientific use 
steels 
"tiles 
‘nts to 


steels 


Seavenger in steel making 

Special and high-spe 

Special automobile 
steel 


steels 


steels 


— | 
ell 
x 
x 
x 
x 
| 
| 
| | 
| | 
( x 
: x | 
* 
x 
x 
x 
x 
x 
‘ 


Vol. 95, No. 6 FEATURE SECTION 


Table I—Continued 


Electric Fused Elec 


Product Raw Material Fur Elec troly tic 
nace trolvte Cell 
| 
bluorine | Fused potassium acid fluo- | | x 
ride; anhydrous | 
Vrary metal Alkaline earth chlorides x 
Gold Copper refining slimes x 
Graphite Coal and coke x 
Hydrogen Water, NaOH x 
Hydrogen peroxide Sulfuric acid solution x 
Hypochlorite Water, sult x 
Indium Indium oxide in sulfuric x 
acid solution 
lodoform Aleohol, potassium io x 
dide, sodium carbonate 
solution 
[ron, eleetr: lytic Ferrous ammonium sul x 
fate solution 
Iron, pig Iron ore x 
lron, pure or “Swed Pyrrhotite x 
ish 
Iron powder [ron ores or ferrous sulfate x 
Lead, refined Crude lead x 
Lithium metal Lepidolite, lithium salts x 
Magnesium metal Magnesium chloride, sea x 
water 
. Manganese, electro Manganese ore x 
lytic 
“1 Mannitol feduction of glucose so x 
lution 
Mercurie oxide Mercury x 
Nickel, refined Crude nicke! x 
ic 
a Nickel powder Nickel x 
Nitric acid Air x 
Oxygen Water, NaOH 
Ozone Air x 
2, 
, Palladium Nickel refining slimes x 
ry Para-aminophenol Reduction of nitroben x 
zene 
Perborates Borax x 
Perchloric acid Hydrochloric acid x 
Phosphoric acid Phosphate rock, coke and x 
sand 
Phosphorus Phosphate rock, coke and x 
sand 
Platinum Nickel refining slimes x 
Potassium chlorate Potassium chloride | x 
Potassium hydrox Potassium chloride x 
ide | 
Potassium perehlo- | Sodium ehlorate solution | x 
rate } «and converted to potas } 
sium salt | 
Potassium persulfate | Potsssium sulfate solu x 
tion 
Quartz, fused Quartz rock x 
| 
Rhodium | Nickel refining slimes x 
dro Rubber | Latex containing the x 
usual components for | | 
compounding rubber | 
Silicon Sand and coke x 
reels | 
bile 
Silicon carbide Sand, sawdust, and coke x 


Application 


Chemical 


Bearing alloys 
Jewelry, coinage, industrial 


alloys 

electrodes, lubricants and 
paints 

Ballooning, hydrogenated 
fats 


Chemicals, antiseptic, blench 
ing, oxidizing agent 
Disinfectants, bleaches 
Nontarnishable silver alloy, 
jewelry, television 
Antiseptic, disinfectants 


Electromagnetic purposes 
powder metallurgy 

Steel industry 

Tubes and special steels 


Powder metallurgy 

Alloys, fittings, acid cham 
bers 

Light alloys 

Flashlight powders, light 
weight alloys, tracer bul 
lets and flares 

Ferrous and nonferrous al 
loys 

Esters, ethers, chemicals 


Catalyst and chemical 

Alloys, plating industry, 
dairy equipment, uten 
sils 

Powder metallurgy 

Explosives, fertilizers 

Oxywelding, oxycutting 

Sterilization of water, sani 
tation 

Industrial alloys 

Chemicals, photographie de 
veloper, dyes 

Bleaching agents for textiles 

Salts of perchloric acid 

Acid phosphates, cleaners, 
food products 

Matches, phosphorus 
pounds, phosphor bronze 
smoke screens 

Catalyst, jewelry, industrial 
alloys 

Primers, matches, dyeing 

Soap, chemie Mmercerizing 
cotton, electroplating 

Oxidizing agent, explosives 
medicine 


| Oxidizing agent, bleaching 


Silica tubes, heat-resisting 
materials opticn! uses 
jonses 


Industrial alloys 
Household industrial 
rubber goods 


Silicon steel, hydrogen for 


silicides, silicon tetrachlo 


ride 
| Abrasives and refractories 


Continued on the following page) 


balloons, resistance units, 
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Table I—Continued 


May 1949 


Electr Ele 
Prod M i trolyti \ tic 
nuce 
Silver Copper refining slimes x Jewelry, coinage industria 
alloys 
Sodium bichromate (Chromium salts x Dyeing, tanning 
Sodium chlorate Sodium chloride solution x Weed killer, explosives 
matches, oxidizing agent 
Sodium metal (musts as tner sult x Peroxides, ey snides, bleacl 
ing, mining; alloys, tetra 
ethyl lead, organic synthe 
sis 
Sedium perchlorat Sodium salts, NaC lo x bFireworks 
Solder Impure tin-lead allows x Metal joining 
Sorbitol Reduetion of glucose Humectant, resins and plasti 
lution cizers, Vitamin C, chemi 
cals 
lantalum Potassium tantalum fluo x Acid-resistant lining for 
ride chemical equipment 
Thorium Fused potassium thorium x electron emission, N-ray tar 
flioricle gets 
lin. refined Impure tin, tin dross x Tin-plate industry, bronzes 
Pungsten Sodium tungstate solu x Alloys, plating, eleetric bulbs 
tion 
Uranium bused potassium uranous x Alloys 
fluoride 
White lead Lead x Paint pigment 
Zine, pure Zine ore x Brass industry, galvanizing 
Zine powder Aine x Powder metallurgy 


Carbides 


While in a earbide plant the furnaces 
might bet he electrochemical hear his 
associated with it power supply, trans 
formers, material handling and 
feeding, electrode mechanisms and con 
trols, gas collection, dust recovery, tap 


busses, 


ping devices, crushing and grinding 
machines—the ‘“‘heart’’ is the small cen 
ter of an eleetrical and chemieal engi 


neering plant 


Endothermic Processes 


Klectrochemieal processes oban endo 
thermic nature—i.e., which take place 
with the absorption of electrical energy 
have frequently supplanted purely chem 
ical processes and, in some cases, allowed 
the production of new products which 
eould hardly be obtained in any othe: 
way. Thus copper is now almost en 
tirely refined by electrochemical means 
All the chlorine used for chemical manu 
facture, water purification, sanitation, 
and bleaching is the product of electro 
lvtie cells, while the manufacture of alu 
minum, ealeium earbide, and the syn 
thetie abrasives of the silicon earbide on 
fused alumina type could not have 
reached their present commercial devel 
opment without meth 


ods 


electrochemical 


In chemical the necessary 
energy is ordinarily introduced as heat 
It often happens that the simplest and 
most direet of the pure chemical methods 
for reaching certain ends cannot be used, 
owing to the great reaction resistances ot 
the impossibility, under a given 
conditions, of converting thermal! 
chemical energy 
necessary 


processes, 


set ol 
into 
As a result, it is often 
to employ several successive 
reactions to replace u Single direet one 
Kleetrochemical usually in 
volve the introduetion of the needed 
energy, not in the thermal manner, but 
in an electrical one, or the conversion of 
electric current into thermal energy, al 
most entirely at the desired point. Usu 
ally the electrochemical are 
simpler and more direct than their chem 
ical counterparts. Sometimes, however 
the electrochemical method is more ex 
pensive than its competitive purely 
chemical one, but is preferably used, in 
asmuch as the end result is « purer prod 
uct 

Kleetrochemical however 
cannot stand so much variation in their 


processes 


processes 


pre CESSES, 


operation as chemical processes. Gen 
erally they operate satisfactorily only 
under constant conditions. Electro 


chemical processes must be as simple as 
possible. Their raw materials should be 
pure. Elimination of impurities is usu 


ally necessary so that side reactions may 
be prevented and efficiencies of operatior 
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maintained. The electrochemical in 

dustries for technical and economic suc- 
cess demand raw materials of high 
purity, ready availability, and constancy 
of composition and supply. These are 
manufactured under constant and repro- 
ducible conditions into the desired prod 

ucts 


Power Sources Determine 
nt Location 


The very nature of the industry, in 
which power is a basie ingredient, de 
mands low unit price for large homoge 
neous blocks of power, supplied uninter 
ruptedly. These requirements vary 
An aluminum plant must have blocks of 
at least 20 to 35,000 kw. for each produe 
tion unit. The power supply must be 
eontinuous -it cannot be shut off at will 
without expensive restarting of opera- 
tions. Inasmuch as 8 to 10 kw.-hr. are 
required per pound of aluminum, the cost 
in mills, not cents, cannot be much more 
than 2 to 3.5 mills per kilowatt-hour, de 
pending upon loeation. Even at 2 mills 
per kilowatt-hour, this power require 
ment represents between 20 and 25 per 
cent of the production cost of the metal. 

The major existing and potential loea 
tions for eleetroprocess industries in the 
United States and Canada have been 
hydro centers. In the East, Niagara 
Falls and surrounding territory in the 
United States and Canada has been a 
traditional center but other demands for 
the limited power have arisen. The 
Tennessee Valley has become another im 
portant center since the building of the 
power facilities of the T.V.A. There are 
other rather isolated eenters of major 
cleet roprocess industries. 


The Northwest 


\lready in the Pacific Northwest, Bon 
neville and Grand Coulee Dams, over a 
high-capacity transmission network 
covering most of Washington and Ore 
gon, furnish more than half of all the 
power consumed in the region. How 
ever, the development at these two dams 
is asmall portion of 25,000,000 kw. esti- 
mated to represent the ultimate poten 
tial of the Columbia River and its tribu 
taries in the United States These are 
eleetrochemieal centers 


Canada 


Canada, particularly the eastern prov 
inces, has some 10,000,000 hp. of its 
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potential 50,000,000 hp. already installed 
at a number of dams. Most of the de 
velopment has taken place in the Prov 
ince of Quebec. Hydro development of 
the Saguenay has brought Arvida into 
being as a foeal point of electrolytic and 
electrothermal plants. The Shawinigan 
Water and Power Company has hydro in 
stallations on the St. Maurice River (one 
of the largest tributaries of the St. Law 
rence River) for a total of well over 
1,000,000 hp. Shawinigan Falls is an 
electrochemical industries center. 


Growth of Electrochemical Industry 


The total power requirements of elec- 
troprocess industries in the United 
States show a te ndenecy to increase at a 
rate somewhat more rapid than those of 
industry asawhole. From 1929 through 
1943, the total annual power require- 
ments of national manufactures in- 
creased about two times—from 71 billion 
to 147 billion kilowatt-hours. For the 
same period the total annual require- 
ments of national eleectroprocess indus- 
tries increased almost four times— from 
slightly over 9 billion to almost 38 billion 
kilowatt-hours. 

Eleetrie furnace alloys’ power require 
ments in 1936 were of the order of 1.75 
billion kilowatt-hours. By 1943 they 
had tripled. 

In copper and zine, electrothermal and 
electrolytic reduction power require 
ments have continued toclimb. At least 
as far as zine is concerned, the depletion 
of ores which may be treated by pyro 
metallurgical methods makes it impera- 
tive that the industry utilize electrowin- 
ning procedures to treat the complex 
lead-zine ores not amenable to pyro 
metallurgy. This places a premium on 
electroprocess methods. The steady up 
ward trend in power consumption in 
these two industries is marked. From 
about 3 to 1} billion kilowatt-hours per 
vear during the period 1926 to 1939, these 
requirements reached almost 3. billion 
kilowatt-hours in 1948. 

For caleium carbide, chlorine and caus 
tic, electrothermal steel, and other elee 
troprocess industries, there was a steady 
rise of power consumption prior to World 
War II, rapid expansion during the war, 
and continued rise since. These are 
more or less standard products to which 
must be added numerous other products 
of the electric furnace and electrolytic 
cell, such as metallic calcium, lithium, 
sodium, phosphorus and electric furnace 
fertilizer, electrolytic iron, chromium 
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and manganese, as well as chlorates and 
perchlorates. 


New Fields 


The exhaustion of many high-grade 
raw materials and the need for using 
what hitherto has been left in the ground 
or in the tailings pile has focused atten 
tion on the utility of the eleectrolvtie cell 
and the eleetrie furnace in the product ion 
of high-grade industrial materials from 
low-grade and complex ores. Eleetro 
process industries offer a means for meet 
ing the continually increasing demands 
of manufacturing industry for high-qual 
itv materials of controlled specifications 

\ consideration of those industries 
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termed electrochemical shows them to be 
‘process industries”? in which power is of 
more than normal importance. Step 
wise they conform to the concept of ‘‘unit 
operations”’ and ‘“‘unit processes”’ of the 
chemical engineer; they are chemical en 
gineering industries. The different 
training and functions of the chemist and 
the chemical engineer are beginning to 
be appreciated by the layman. The in 
dustrial chemist often manages manu 
faeturing plants; the electrochemist with 
a purely theoretical baekground and 
viewpoint never does. The industrial 
eleetrochemist or the electrochemical en 
gineer never can get away from the im 
portant power and engineering aspects. 


Technical Notes and Reviews 


A Note on the Possible Role of the Solid Surface 
in Electroless Plating 


E. E. Glenn, Jr., E. L. Cook, and Norman Hackerman* 


tecently the course of an experi 
mental investigation, it beeame neces 
sury to protect the metal surfaces of a 
pump being used to circulate a corrosive 
liquid. The surfaces to be protected 
were of steel, and it was thought that a 
nickel cout would provide adequate pro 
tection. Since there were many recesses 
in the several pump parts, it was decided 
to produce the coating by electroless 
plating (1 This method is distinct 
from plating due to displacement by the 
metal on which the niekel is to be de 
posited, a procedure which was discussed 
by Piontelli (2) and, more recently, by 
Wesley and Copson (3). 

In electroless nickel plating, the metal 
deposition is caused by a chemical re 
dueing agent added to the plating bath 
The reducing agent used by Brenner and 
tiddell (1) was sodium hypophosphite, 
and the process was carried out either 
in alkaline or acid baths. In an alkaline 
solution, according to those authors, the 
hypophosphite oxidized to give hydro- 
gen, whieh is turn reduced the nickel ion 
on the surface. In the aeid bath, the 
rate of deposition did not appear to be 
a function of the hypophosphite con 
centration, but instead seemed to be con- 


* All authors from the Department of Chemistry, 
the University of Texas, Austin, Texas. 


trolled by a diffusion process. In either 
cause, however, it was indicated that 
galvanic effeets, presumably due to local 
cells, were involved. It was reported 
that the method was satisfactory for the 
deposition of nickel on steel and on a 
number of other metals, although in 
some cases special surface pretreatment 
was required. For a few metals, lead, 
cadmium, and zine, conditions leading to 
good plating could not be found. 


Plating on Non-metallic Surfaces 


The plating solution? used in the pres- 
ent work contained 30 grams per liter 
of NiCl.-6H.O, 10 grams per liter of 
NaH.POs-H.O, 10 grams per liter of 
sodium citrate for 
buffering purposes, and distilled water 
The pH of the solution was about 6 (the 
optimum range being from 4 to 6) (1); 
the temperature of the bath was held 
between 70° and 90°C. The pump parts 
were suspended in the bath by means of 
glass hooks and the bath was stirred oc 
ecasionally with «a glass rod 

In the first experiment, the plating 
solution was transferred to a clean beaker 
whieh had had previous laboratory use. 
No change was noticeable in the solution 


+t Bath No. 3 of reference (1 
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while it was being heated to the tempera- 
ture range indicated above, or while at 
temperature. On immersing the metal 
piece, gas bubbles, found to be hydrogen, 
started coming off of the metal surface. 
A change in the appearance of the sur- 
face was also evident, and it was clear 
that metal deposition was taking place. 
After about an hour, a deposit, which was 
black when viewed from above, began to 
form on the bottom of the beaker itself 
The surface of the deposit toward the 
glass was smooth, and this was thought 
to be firm evidence that the material 
had not fallen off of the part being plated. 
The solid was identified as nickel and, 
therefore, the deposit was simply a 
nickel mirror. Precipitation of nickel 
elsewhere than on the metal surface was 
not altogether unexpected since Breteau 
(4) used such a system to prepare nickel 
powder in the absence of a metal surface. 
However, in that case a hypophosphite 
concentration of the order of 200 grams 
per liter was required whereas in the 
solution used in this experiment, the 
concentration did not exceed 10 grams 
per liter. 

The mirror probably formed on 
scratches, due to stirring rods, on the 
floor of the beaker. Therefore, the solu- 
tion was filtered off into a hitherto un- 
used beaker and the plating resumed 
without stirring. The nickel did not 
deposit on the glass in this instance. 

\ fresh solution was prepared for use 
in the original container and another 
plating experiment was started. De- 
posits again were found with a mirror 
like finish next to the glass. The sides 
of the beaker were also coated and in 
addition a considerable amount of nickel 
powder formed throughout the solution. 
These precipitations might have been 
caused by seeding the solution in some 
manner, for example, due to the presence 
of granules of nickel, scratches, a thin 
laver of nickel adsorbed onto the walls 
of the container, or other possible effects 
due to aging. 

To check the possibilities cited, five 
new Erlenmeyer flasks were used. Fresh 
solution was placed in‘three of them, A, 
B, and C, and solution which had aged 
for two days at room temperature with- 
out evidence of a precipitate was put in 
the others, D and KE. Solution A was 
seeded with a small piece of the nickel 
formed in the earlier experiments. Solu- 
tions B and D were seeded with nickel 
prepared by reduetion of niekel oxidet 

: Kindly supplied by Mr. Sidney G. Parker of 
this department 
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with hydrogen, and solutions C and E 
were seeded with a few granules of Raney 
nickel. Seeding of the last four solu 
tions was carried out in a dry box under 
an atmosphere of nitrogen. All of the 
solutions were then heated to 70°-90°C. 
in air 

Deposition was obtained only in the 
case of the Raney nickel. The deposit 
followed the lace-like macrostructure of 
the seeding material. The bottom of 
each flask was then deliberately 
seratched with a glass rod and a nickel 
mirror formed immediately in all cases. 
The mirrors followed the scratch marks, 
the only discernible difference was a 
somewhat slighter deposit in solutions 
B and D. 


Effect of Roughness of Steel Surfaces 


In order to determine whether the 
roughness of a metal surface had an 
effect, steel coupons were polished to 
varying degrees of smoothness. The 
final grits used were in order: coarse 
sand belt, fine sand belt, and #150, 
#50, and #0 emery cloths respe ctively. 

All of the coupons were then etched 
in 10 per cent sulfuric acid, rinsed in dis 
tilled water, then in acetone, and finally 
in benzene. Following this pretreat 
ment, the coupons were placed in a fresh 
plating bath. After seven hours all of 
the coupons had pieked up about 0.0124 
grams per square centimeter of pro 
jected area. Variation in weight in- 
crease between the several coupons was 
not detectable, thus indicating that in 
the range studied the degree of roughness 
was not critical. 


Conclusions 


It seems clear that the redox potential 
of the hypophosphite soiution at low pH 
is such as to permit reduction of Ni? 
to Ni. Loeal galvanie effects, such as 
postulated by Brenner and Riddell (1) 
may supply energy needed to make the 
reaction occur in a relatively short time. 
However, since the nickel did not pre- 
cipitate or deposit normally on the glass 
in the hot solution, but did deposit on 
scratch marks in the glass, it appears 
that, along with cther variables, dep 
osition is dependent on a foeus for 
nucleation. 

When one considers the fact that nickel 
continues to plate once started on a steel 
surface, but does not deposit from a fresh 
solution on a seed of nickel formed by 
the same method, it is reasonable to con 
clude that the nature of the surface plays 
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an important role. A detailed explana 
tion for the difference is not yet avail 
able, but one possibility is that the metal 
will net form on an oxided nickel surface. 
Since hydrogen is produced during the 
reaction, the solution in the vicinity of 
the metal surface should be relatively 
free of dissolved oxygen. However, once 
the reaction stops, oxygen should again 
become available to the surface, which 
in turn then becomes ineffective in init 
iating deposition 

Tentative support for this hypothesis 
is guined from the seeding experiments 
with nickel from reduction of nickel ox 
ide and with Raney nickel. The latter 
was pyrophoric whereas exposure of the 
former to air merely caused a moderate 
rise in temperature. If these charae- 
teristics can be related to the amount of 
hydrogen retained by the respeetive 
materials, then an explanation on the 
basis of the presence or absence of an 
oxide laver is possible. Transfer of the 
nickel particles to the solutions took 
place in an inert atmosphere, but the 
solutions retained «a small amount of 
dissolved oxygen. In this event, the 
solution in the immediate vicinity of the 
taney nickel particle would still be free 
of oxygen due to the appreciable amount 
of hvdrogen retained in the catalyst 
For this case, precipitation of nickel 
oceurred. On the other hand, the re 
dueed niekel oxide could not maintain 
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an oxygen free atmosphere, surface 
oxidation took place and, in this case, 
no metal deposition was apparent. 

This leads to a more general conclusion 
involving adsorption of hydrogen gus 
aut a surface in contact with the solution 
such that the local gas concentration be 
comes large enough to reduce nickel ion 
to the metallic state. The indication 
is then that the principal requirement is 
a surface which can adsorb hydrogen to 
such an extent that the potential of the 
cell 

(anode) Ni; ; He (cathode 
Under such conditions 
nickel deposition should take place 

There are, of course, other explana 
tions possible although not equally valid 
on the basis of the information at hand 
For example, lattice constants for the 
several crystalline solids involved should 
be investigated. Further work along 
these lines is contemplated. 
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Plan Now to Attend 
The 96th Meeting of The Electrochemical Society 
October 12, 13, 14, and 15, 1949 
LaSalle Hotel, Chicago, Illinois 


Sessions on 
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Editorial 
June 1949 


Facts and Fancies 


What is a theory? According to Webster, it may be an analysis of a set 
of facts in their ideal relations one to another. The word “‘analysis” in this 
statement indicates a logical mental process concerning reproducible ob- 
servations, or facts; hence, the definition comes close to what is termed 
“theory” in scientific circles. We might, furthermore, consider theory as 
intermediate between hypothesis, which is an educated guess, and law, 
meaning the theory is firmly established. Facts alone determine whether 
an hypothesis emerges eventually as law, or is blocked en route for having 
run afoul of fact. Many theories expire at birth by the very backslap that 
sets breathing in motion. Others grow moderately old and venerable, and 
declare a long list of uncritical admirers and disciples who mistake tenure 
of theory as proof of its validity. Aristotle’s theory of falling weights 
held sway for many years before the doubting Galileo, using the scientific 
method, proved it false. 

What good isatheory? Interrelating and systematizing facts is a useful 
function, and this, in effect, constitutes what we call science. Because the 
systematizing is seldom, if ever, complete or perfect, a theory, furthermore, 
suggests where new facts are needed, or should be found for the looking. 
This inspires new experiments which bring out new truths, some expected 
and more unexpected. Perhaps this is the real justification for the time 
we spend on theories. As Claude Bernard once expressed it, “Any fact 
is more beautiful than the most beautiful theory.””. We might supple- 
ment this statement with another—that any scientific theory is useful 
if it inspires new experiments and discovery of facts. 

In all fields of knowledge, the need for holding theory in its proper 
perspective is an important matter. Outside of science especially, paucity 
of experimental data or reliable observations gives a false glow of plausi- 
bility to many ill-concocted ideas. For this reason, we are periodically 
besieged with multiple “Aristotle” theories of government, economics, and 
social relations completely uncontaminated by reality. Instead of facts, 
we are presented notions based on intuition, inspiration, ignorance, and 
human perversity. But unless we court disaster, the facts must always 
take precedence. 

Perhaps some comfort can be derived from the knowledge that theories, 
whether scientific, political, or social, survive in the long run only as they 
rest on facts. False theories wilt especially rapidly in proportion to the 
vigor with which men pursue truth. This is a statement of accurate ob- 
servation as regards the past and of faith as regards the future. Facts 
are truth, and it is truth—not theory—that sets men free. 
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Current Affairs 


New Officers of The Electrochemical Society 


ALFRED L. FERGUSON J. C. WARNER 


Gipeon WIDELL Henry B. LInrorp 


\t the annual business meeting of the — officers: Alfred L. Ferguson, President, 
Society, held in Philadelphia during the J. C. Warner, Vice-President, E. Gideon 
95th Convention, announcement was  Widell, Treasurer; and Henry B. Lin- 
made of the election of the following ford, Secretary. 
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A Message From President Ferguson 


My Picture of the Recent Past, the Present, and the Future of 
The Electrochemical Society 


To those who requested that I should 
represent them as President of The 
Electrochemial Society, I wish to ex- 
press my sincere appreciation. It gives 
one much satisfaction to learn that he 
has so many friends in a great scientific 
organization, as this Society is, who 
have enough confidence in him to request 
that he become their President. To 
those who expressed a desire that my 
very good friend, Sherlock Swann, be- 
come your President, I state with com- 
plete honesty that your choice of Dr. 
Swann was an excellent one, and I 
sincerely hope that he will occupy this 
position at some future time. 

Now that the new year is started, I am 
confident every member of the Society 
will be guided by the truly democratic 
attitude and contribute in every way he 
may to the best interests of the whole. 


Past Changes 


Usually organizations, as well as indi- 
viduals, have certain stages when they 
are afflicted with unusu: illy severe grow- 
ing pains; stages when changes take place 
at a greatly accelerated rate. During 
the past three years, it has been my 
privilege to observe The Electrochemical 
Society as it passed through such a stage. 
It is commonly observed that crises bring 
forth leaders, and the experiences of the 
Society during this period justify the 

observation. 

The statement was made many times 
by various individuals while Dr. Fink 
was Secretary, especially during the 
later years, that they were concerned as 
to what would become of the Society 
when he turned the work over to another. 
Dr. Fink did a magnificent job of making 
all arrangements for meetings. As pre- 
siding officer at sessions where papers 
were being presented he was  unsur- 
passed. He could contribute some- 
thing of value to every discussion. His 
great breadth of information, keen sense 
of humor, truly democratic attitude, and 
charming personality always contributed 
life and interest to any occasion. 
Though the responsibilities for the 
business affairs of the Society have been 


necessarily taken over by others, Dr. 
Fink is frequently called upon for advice 
concerning important matters. His con- 
tinued presence at the meetings, to- 
gether with his charming wife, still 
contribute greatly, as in the past, to the 
success of all social functions. 


Future Needs Studied 


When the time came to make the 
change, the Society demonstrated its 
flexibility. Some of the members who 
had been most active in and most 
familiar with the affairs of the Society 
were farsighted enough to realize that 
considerable changes would become 
necessary before many years in regard to 
the general business operations and 
management and policies of the Society. 
Their efforts culminated in the appoint- 
ment in 1944 by President Kirkpatrick 
of a committee under the Chairmanship 
of Past President H. S. Lukens. This 
Committee made an exhaustive study of 
both the immediate and long range needs 
of the Society. The final report was 
made to the Board of Directors in 1946. 
The nine basic recommendations con- 
tained in this report have served as 
the basis for the procedures which have 
been incorporated during the last two 
years, and others that will be made in 
the near future. 


Ways and Means Committee 


One of the outstanding results of these 
recommendations was the organization 
in 1946 by Past President William C. 
Moore of the Ways and Means Com- 
mittee under the leadership of the then 
Vice-President, James A. Lee. This 
Committee did an outstanding job during 
the first year of its existence. During 
the past year, the Committee has con- 
tinued its work under Vice-President 
Ralph M. Hunter. I believe that the 
Society will continue to find this one of 
its most active and valuable committees. 

Three years ago doubts were expressed, 
even by some high up in the Society, 
about the future of the organization. 
In the brief period of only three years, 


& 

‘| 

a 

| 


116C CURRENT AFFAIRS June 1949 


the picture has completely changed. 
Today the Society is on a sounder basis 
than at any time in its history. This 
change has been accomplished largely 
through the remarkable teamwork and 
devoted efforts of the three men, William 
’. Moore, George W. Heise, and James 
A. Lee, who have served as Presidents 
through these three years. To this 
group should be added Past President 
R. M. Burns, who was finally persuaded 
by the group of Presidents to become 
Secretary and Editor of the JouRNAL, a 
key position in the organization during 
the period of transition. The uni- 
versally accepted success of the experi- 
ments carried out is due primarily to the 
outstanding ability and past experience 
of Dr. Burns 


Greater Goals 


With the Society running smoothly 
the future looks bright; but this is no 
time to relax. The Electrochemical 
Society has a very long road to travel 
before it reaches the goal it must strive 
for 

The United States has, in a compara- 
tively few vears, reached the position 
of leader among the nations of the world 
in many respects, and one of the most 
outstanding is scientific achievement. 
Most of the scientific societies in this 
country rank at the top throughout the 
world. I feel that one of the exceptions 
is our own Society 

This is an undesirable situation, but 
one which I am convinced may be reeti 
fied. At the present time, The Faraday 
Society has a leading position in the field 
of electrochemistry Any person con 
siders it an honor to be accepted as a 
member, and an even greater honor to be 
invited to present & paper There is no 
sound reason why The Eleetrochemiecal 
Society should not attain such a position. 


Our Unlimited Opportunities 


This country possesses educational 
facilities out of all comparison in respect 
to number of educational institutions, 
certainly in respect to equipment, and 
probably also in respect to available 
personnel. The opportunities for em- 
ployment of highly trained men in the 
various divisions of electrochemistry 
probably surpass the remainder of the 
world combined. Industry is pleading 
for electrochemists, salaries in this field 
are among the highest, and the type of 
work is rewarding. These unprece- 


dented opportunities present a formida- 
ble challenge to The Electrochemical 
Society to provide recognized leadership 
in the field. Are we meeting this 
challenge? 


Work Needed at Universities 


The facts in the matter are, as much as 
I dislike to admit it, that the Society 
does not stand high in the opinion of 
many administrative officials of educa- 
tional institutions; only a few offer a 
course devoted exclusively to electro- 
chemistry. It is a frequent experience 
to find a student in a chemistry depart- 
ment who has never heard of The Elec- 
trochemical Society. Last year at the 
start of a course in electrochemistry 
made up of 40 graduate students, most of 
whom were working for the Ph.D. degree 
in some field of chemistry, much surprise 
was expressed that there are openings 
in industry for specialists in electro- 
chemistry 

It is my opinion that this Society must 
assume some major new responsibilities 
if it is to attain the ranking position it 
should occupy. It has certain duties and 
obligations which it should logically 
assume for the good of the great student 
body, for industry, and for the advance- 
ment of science. Industry should like- 
wise assume its share of responsibility. 


Cooperation with Industry 


It is my hope that some way will be 
found whereby The Electrochemical 
Society and industry may cooperate in 
the promotion of electrochemical train- 
ing, research and development, and in 
the wide dissemination of new findings 
in the field. The publication of a 
monthly journal was a valuable step, but 
this is only a meager start toward what 
must be done. 

This responsibility does not rest solely 
upon the officials of the Society. It is 
the individual members who must 
originate and earry out research and 
write papers of the high caliber necessary 
for the position to which the Society 
aspires. Finally, as a major objective 
in our program, I would suggest that the 
local sections and various divisions 
appoint committtees to consider closer 
contact between the Society and uni- 
versities, thus emphasizing the im- 
portance of adequate training and 
orientation in the young scientist. Any 
additional suggestions from members 
will be weleomed by your President. 
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LaQue and Mears Receive NACE Awards 


F. L. LaQue 


Mr. F. L. LaQue and Dr. R. B. Mears 
were recently honored by the National 
Association of Corrosion Engineers at 
the annual conference of the Association 
held in Cincinnati. Dr. Mears received 
the Whitney Award in recognition of 
achievement in the field of corrosion 
science while Mr. LaQue was given the 
Speller Award for achievement in the 
field of corrosion engineering. 

Both men are well known to corrosion 
workers, and have for many years been 
active in the Corrosion Division of The 


fe 


R. B. Mears 


Electrochemical Society and in The Na- 
tional Association of Corrosion Engi- 
neers. Dr. Mears was recently elected 
president of NACE, an office which has 
been held by Mr. LaQue in the immedi- 
ate past. 

Dr. Mears is manager of the research 
laboratory at the Carnegie-Illinois Steel 
Corporation in Pittsburgh, Pa. Mr. 
LaQue is in charge of the Corrosion 
Engineering Section, Development and 
Research Division, International Nickel 
Company, Ine., New York. 


ECS and NACE Sponsor New Publication 


“Cathodic Protection, a Symposium’? 
has recently been published by the Na- 
tional Association of Corrosion Engi- 
neers. In December; 1947, a Joint 
Symposium on Cathodic Protection was 
held in Pittsburgh, Pa., under the spon- 
sorship of NACK and The Electro- 
chemical Society. F. L. LaQue and 
R. B. Mears were co-chairmen, repre- 
senting the two societies. 

The purpose of the symposium was to 
offer a review of the state of development 
of the basie principles of cathodie protee 
tion and their application to the control 


of corrosion. The twenty-three papers 
presented have been assembled in book 
form in order to provide for ready refer- 
ence in a field in which, up to this time, 
there has been a serious void in the 
technical literature. 

The sponsoring societies feel that this 
collection of papers will serve a dual 
purpose. It is sufficiently complete to 
provide a sound basis for the practical 
use of the principle of cathodic protec- 
tion as a means of corrosion prevention. 
On the other hand, it will serve to indi- 
cate the gaps which still exist in our 
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knowledge of the phenomena and princi- 

ples involved in the process. It is 

hoped, therefore, that publication of 
this group of papers will stimulate fur- 
ther research and thus further extend the 

scientific foundation upon which im 

provements in practical application must 

be based. 

The book is being offered for sale to 
members of The Electrochemical So- 
ciety and NACE at the special reduced 
rate of $6.00. The price to the general 
publie is $8.00. It will be sold through 
the National Association of Corrosion 
Engineers from its central offices, 905 
Southern Standard Building, Houston 2, 
Texas. The clothbound volume is 203 
pages of large format, 8} x 11 inches, and 
is profusely illustrated with photo- 
graphs, diagrams, and curves of techni- 
cal data. 

The usefulness of this collection will be 
apparent from the broad coverage of the 
subject indicated in its table of contents, 
given below: 

Electrochemical Principles of Cathodic 
Protection—R. H. Brown and G. C 
English 

Characteristics and Field Use of Electri- 
cal Instruments for Corrosion Investi 
gations and Cathodic Protection—M. 
C. Miller 

Characteristics of Half-Cells Used as 
teference Electrodes—Paul Fugassi 

Laboratory Methods for Determining 
the Current Density Required for 
Cathodic Protection—R. B. Mears and 
J. M. Bialosky 

Current Required for Cathodic Protec- 
tion—N. P. Peifer 

Detection, Measurement and Mitigation 
of Stray-Current Electrolysis—Frank 
B. Fry 

Detection and Measurement of Currents 
Other than Stray Currents—Lyle R. 
Sheppard 

Coordination of Cathodic Protective 
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Installations to Avoid Interference 
with Adjacent Structures—L. B. Nel- 
son 

Use of Rectifiers as an External Source 
of Protective Currents—F. A. Wael- 
terman 

Use of Wind-Driven Generators as an 
External Source of Protective Cur- 
rents—M. L. Jacobs 

Economie Factors Bearing on Applica- 
tion of Cathodic Protection—D. B. 
Good 

Locations and Materials for Anodes for 
Impressed Current—Derk Holsteyn 

Relative Merits of Various Cathodic 
Protection Current Sources—G. R. 
Olson and C. W. Evans 

Physical and Chemical Characteristics of 
Zine Anodes—E. A. Anderson 

Current Output of Light Metal Galvanic 
Anodes as a Function of Soil Resistiv- 
ity—E. D. Verink, K. K. Reid, and E. 
R. Diggins 

Fundamental Characteristics of Mag- 
nesium Galvanic Anodes—H. A. 
Robinson 

Practical Use of Galvanic Anodes— 
Hugo W. Walquist and Henry M. 
Fanett 

Behavior of Experimental Zine-Iron 
Couples Underground—I. A. Denison 
and W. Romanoff 

Anodic Behavior of Zine and Aluminum- 
Zine Alloys in Sea Water—Thomas P. 
May, George 8. Gordon, and 8. Schul- 
diner 

Corrosion and Protection of Under- 
ground Power Cables—L. J. Gorman 

Effect of Environment Characteristics 
on Cathodic System Design—F. J. 
LeFebvre and L. P. Sudrabin 

Relations Between Protective Coatings 
and Cathodie Protection—Guy Cor- 
field 

Cathodic Protection in the Control of 
Stress Corrosion Cracking—Hugh J. 
McDonald and James T. Waber 


Cathodic Protection—A Symposium 


The collected papers of the Joint Symposium 
held in Pittsburgh, December 1947 
by NACE and The Electrochemical Society 
203 pages—cloth bound—illustrated 
Order from: National Association of Corrosion Engineers 905 


Southern Standrd Bldg., Houston, Texas. Price: $6.00 to members 
of ECS or NACE $38.00 to nonmembers 
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Chicago Plans Early for Large Meeting 


The Chicago Section will be host to 
The Electrochemical Society for the 
sixth time on the occasion of its 96th 
meeting on October 12, 13, 14, and 15, 
1949. ‘The Society met in Chicago 
previously in 1910, 1919, 1926, 1933, and 
1941. 

The plans of the Convention Com- 
mittee are based on a large attendance 
such as has marked the meetings held in 
Chicago in the past. The Committee, 
which started functioning over a year 
ago, is under the direction of Clifford A. 
Hampel, General Chairman, and the 
following subcommittee chairmen: Jack- 
son Burgess, Finance; R. 8. Modjeska, 
Arrangements; B. F. Freeberg, Regis- 
tration; J. H. Smith, Entertainment; J. 
B. Mullen, Plant Trips; L. G. Van de 
Bogart, Exhibits; and Mrs. C. A. Ham- 
pel, Ladies’ Program. 


Hotel Arrangements 


The Convention will be held in the 
Hotel La Salle, which recently was com- 
pletely modernized. The Society will 
have at its disposal for the duration of 
the Convention the entire 18th floor 
together with some space on the 17th 
floor. On the 18th floor are located the 
Ball Room, a large meeting room, a 
large foyer, and several lounges. Addi- 
tional meeting rooms are available on the 
17th floor so that several simultaneous 
sessions may be carried on conveniently 
in a compact and convenient area. A 
large refreshment lounge for the ex- 
elusive use of the Society also will be 
located on the 17th floor. A loud 
speaker will be installed in it so that 
papers may be announced as these are 
about to be presented in the meeting 
room. The La Salle Hotel is located at 
La Salle and Madison Streets in the 
Loop. It is conveniently located as to 
transportation, parking, and shops. 

The Indian Summer days make Octo- 
ber a favorite time fora visit to Chicago, 
which has many new attractions, educa- 
tional and otherwise, for the visitor since 
the Society’s last meeting there in 1941. 


Scientific Program 


The importance of Chicago as an 
electroplating center adds much interest 
and significance to the annual session of 
the Electrodeposition Division which 
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will be one of the highlights of the meet- 
ing. At the Chicago meeting symposium 
in 1941 there were presented the papers 
that subsequently constituted the ‘‘Mod- 
ern Electroplating’? volume. It, there- 
fore, is fitting that the first revision of 
this popular book will be coincident with 
this Chicago meeting. The Committee, 


Cuirrorp A. HAMPEL 


in cooperation with the officers of the 
Division, are planning a program which 
should attract many of Chicago’s practi- 
eal electroplaters. 

The time of the Corrosion Division’s 
annual session has been changed to the 
Fall Meeting and, therefore, the Chicago 
meeting will feature a comprehensive 
program of papers on this most im- 
portant subject which plays a big part in 
the Society’s scientific activities. 

The annual session on Organie Electro- 
chemistry is scheduled for the Chicago 
meeting. Dr. C. A. Crowley, Chairman 
of the Division, promises a full program 
of papers recording the continued prog- 
ress in this interesting field of electro- 
chemistry (see page 122c). 


Ladies’ Program 
Chicago always has many special at- 


tractions for the ladies. Mrs. Hampel 
and her committee have virtually com- 
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Michigan Avenue skyline and Grant Pa 


pleted a most interesting program of 
entertainment which promises to be out- 
standing. 


Plant Trips 


The Committee has practically com- 
pleted the “plant trip’? part of the 
program to supplement the scientific 
meetings. There will be an opportunity 
to see in action industrial plants and the 
rapidly growing and successful Armour 
Research Foundation. 

A newcomer to the Chicago area is the 
Technological Institute at Northwestern 
University, which will interest many of 
those attending the convention, though 
a planned trip to it is not scheduled. 
In addition, the University of Chicago 
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rk as viewed from the Shedd Aquarium 


where the first atomic pile was operated, 
the Museum of Science and Industry, 
which was visited by the Society as a 
group in 1941, and many other educa- 
tional institutions are located within a 
short distance of the Hotel La Salle. 

For relaxation from the more serious 
part of the Convention program the 
Entertainment Committee is planning 
some unusual evening features. For 
those interested in sports, the Com- 
mittee is going to see what can be done 
about those Cubs and White Sox so that 
the World Series may be played in 
Chicago!!! However, ticket reserva 
tions are not yet being accepted. 


Mark Your Calendar Now 
for the Chicago Meeting! 


Plan to Attend 


The 96th Meeting of The Electrochemical Society 
October 12, 13, 14, and 15, 1949 
La Salle Hotel, Chicago, Illinois 
Sessions on 


Jorrosion, Electrodeposition, and Organic Electrochemistry 
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Winship Prize Winner 
George I. Hausenbauer, Pratt Insti- 
tute ’49, has been chosen Winship Prize 
Winner for the year 1949. 
This award is one year’s subscription 


to the publications of The Electro- 
chemical Society, and it is given an- 
nually to the outstanding graduating 


student of Pratt Institute, Chemical 


GEORGE HAUSENBAUER 
Engineering School. The award is do- 
nated by Wm. W. Winship, longtime 
member of the Society. 

George Hausenbauer was born in 1925 
and received his secondary education at 
Bishop Loughlin Memori: il High School, 
Brooklyn. Krom there he was awarded 
a Regents Scholarship by the University 
of the State of New York. In 1944 he 
entered the U. 8. Army and served for 
28 months as a medical clerk and identi- 
fication analyst. 

At Pratt Institute Mr. 
was a member of the American Institute 
of Chemical Engingers. His outside 
interests and hobbies include stamp col- 


Hausenbauer 


lecting, handball, chess, and the French 
language. His interest in electrochem- 


istry stems from a problem in his junior 
year in which he designed a sodium 
chlorate plant using the data in Vil- 
brandt’s ‘‘Chemiecal Engineering Plant 
The winner’s occupational 
interests are production and technical 
service work. Ile makes his home at 
112-24 197th St., Hollis, Long Island, N.Y. 
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Faraday Society Holds 
Discussions 
The Faraday Society met for a General 
Discussion on “Crystal Growth” on 
April 12th, 13th, and l4th, 1949. The 
meeting was held in the Department of 
Physies, The University, Bristol, Eng 
land. 
The Discussion was arranged under 
four main branches as follows: 
(1)—Theory 
(11) —Nucleation and Normal Growth 
(1I11)—Modified and Abnormal Growth 
(IV)—Mineral Synthesis and Tech- 
nical Aspects 
The meeting was well attended by 
distinguished scie ntists from Engl: ind, 
the European countries, and overseas. 


National Distillers 
Building New Plant 


The National Distillers Chemical Cor- 
por: maintaining executive offices 
at 120 Broadway, New York City, are 
building a $10,000,000 plant for the 
electrolytic production of sodium and 
chlorine. The company plans a yearly 
output of 36,000,000 pounds of sodium 
and 27,000 tons of chlorine. The new 
plant is expected to be in operation 
about April Ist, 1950. It will be located 
at Ashtabula, Ohio. 


Electrodeposition Courses 
at Indian Institute 


Regular courses in Eleetrodeposition 
of Metals commenced in India at the 
Central Institute, Koni, Bilaspur, in 
November 1948. The Central Institute 
has been started by the Ministry of 
Labour, Government of India, for the 
training of instructors, under the princi- 
palship of Major D. L. Deshpande who 
holds several degrees in science and is a 
member of leading scientific societies. 


“Study Abroad” 


Fellowship Handbook: interna 
tional handbook of study opportunities, 
called “Study Abroad,’’ has been pub 
lished by UNESCO. Included in the fel- 
lowships, scholarships, and educational 
exchanges are listed over 10,500 oppor- 
tunities for international study in 166 
subject fields in 27 countries, including 
the United States. Most of the awards 
are in science, particularly medicine, 
public health, engineering, and chem- 
istry. 
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Electro-Organic Division To 
Sponsor Excellent Symposium 


According to advance notices, the 
Electro-Organic Division will offer an 
exceptional program at the Fall Meeting 
of the Society, to be held in Chicago in 
October. The symposium is scheduled 
tentatively for October I4th and 15th, 
and the preliminary program is as fol- 
lows: 

“Polarographic Behavior 

Compounds” by P. J. 
yette, Indiana 
‘Polarographie Investigation of Mer- 
captobenzthiazoles”’ by G. Sartori and 

A. Liberti, Rome, Italy 
“Polarographic Studies. I. Aliphatic 

Polyene Aldehydes. Il. Hindered and 

Unhindered Aromatic  Nitro-com- 

pounds” by M. Fields, Boston, Massa- 

chusetts 
“Mechanism of Reduction of Saturated 


of Organic 
Elving, Lafa- 


and Unsaturated Ketones’? by R. 
Pasternak, London, England 
“Polarography of Azo-  Diazo- 


systems”? by R. M. Elofson, Easton, 
Pennsylvania 
‘Polarography of Phthalaldehydie Acid 
Derivatives’? by 8S. Wawzonek and J. 
Hl. Fossum, lowa City, Lowa 
“Complex Species in Organie Polarog- 
raphy”? by K. G. Stone, East Lansing, 
Michigan 
‘‘Microelectrode Studies”? by A. J. 
Bethune, Boston, Massachusetts 
“Eleetrolytie Oxidation of Aleohols’’ by 
W. MeNevin, Columbus, Ohio 
“Electrolytic Reduction of Maleie Acid’”’ 
by 8S. Swann, Jr., Urbana, Illinois 
“Attempts to Prepare sym-Diphenyle- 
thylene Glycol from Mandelie Acid’”’ 
by G. W. Thiessen, Monmouth, Illi- 
nois 
“Cathodic Initiation of 
merization’? by C., 
Dineen, and T. C 
Ohio 
“Eleetrohydrogenolysis of Sucrose’’ by 
N. F. Murphy, Blacksburg, Virginia 
‘Performance of Cells in Reduction of 
Glucose’? by M. T. Sanders, Wilming- 
ton, Delaware 
“Electroreduction of Aromatie Nitro- 
compounds in Acid and Alkaline 
Media’”’ by B. B. Dey, Madras, India 
Still more papers are being received for 
this meeting, which promises to be an 
outstanding one. In addition, a round 
table discussion is planned for Saturday, 
October 15th. More detailed plans will 
be announced in a future issue of the 
JOURNAL. 
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Section News 
Chicago Section 


The Chicago Section had the pleasure 
of hearing Dr. Herman C. Froelich of the 
Lamp Development Laboratories, Gen- 
eral Electric Company, Cleveland, pre 
sent a fine lecture on ‘‘Luminescence”’ at 
the April Ist meeting, held at the Chi- 
cago Engineers Club. 

The talk covered the history, modern 
applications, and future aspects of light 
ing by luminescence materials. In a 
compact, thorough, and comprehensive 
discussion, Dr. Froelich covered the 
field which has been subject to approxi 
mately twelve years direct study. Those 
in other who have had the 
pleasure of hearing this lecture appreci- 
ate the interest it aroused and the 
lengthy question and answer period that 
followed. 

The text of the material is not out 
lined here as it appeared in the May 
of the JouRNAL under Section 


sections 


issue 
News. 
The Nominating Committee presented 
the following nominees for the local 
section offices for the coming year: 


Chairman: Clifford A. Hampel 
Vice-Chairman: P. W. Leppla 
Treasurer: Simon P. Gary 
Secretary: H. D. Douglas, Jr. 

H. D. Dovatas, Jr., Secretary 


Cleveland Section 


The members of the Cleveland Section 
were guests of the B. F. Goodrich Re- 
search Center at Brecksville, Ohio, at 
their April 12th meeting. 

Those present had the enjoyable op- 
portunity of a condueted tour through 
the recently constructed $6,000,000 re- 
search laboratory which is housed in a 
modern functionally designed building 
surrounded by extensive acreage. 

* * 

Other sections may be interested in a 
method adopted by the Cleveland Sec- 
tion for the purpose of recruiting new 
members, both local section associate, 
and national. 

Karly in the year the secretary wrote 
to the members of the section requesting 
a list of aequaintances potentially inter- 
ested in The Electrochemical Society. 
Approximately twenty-four names were 
suggested. These persons were then 
notified that for one year they would 
have the status of associate member- 


ship, receiving privileges of such associa- 
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tion with the section, such as receiving 
all meeting notices, bulletins, magazines, 
and other information from the Cleve- 
land Technical Societies. 

Toward the end of the program year, 
those who were classified as potential 
National members received in one of the 
membership mailings a membership ap- 
plication blank. 

This method appears to be rather 
effective in introducing new people to 
our organization. It has already re- 
sulted in several new member applica- 
tions being filed with the National Office. 

* * 

At the business meeting the following 
newly elected officers were named for the 
Cleveland Section for 1949-50 


Chairman: Ralph A. Schaefer, Cleve- 
land Graphite Bronze Company 
Vice-Chairman: Robert C. Heinton, 


Cleveland Electric Illuminating Com- 
pany 
Secretary: Herman C. Froelich, Gen- 
eral Eleetric Company, Nela Park, Ohio 
Treasurer: Charles B. Sanbor n, Ameri- 
can Steel & Wire Company 
CHARLES SANBORN, Secretary-Treasurer 


Detroit Section 


Dr. Paul Winters of General Motors 
Corporation Research Laboratories ad- 
dressed the Detroit Section at its March 
ISth meeting at the Sheraton Hotel. 

The subject of Dr. Winters’ talk was 
“Some Applications of Electrochemistry 
to Chemical Analysis.’’? He covered the 
electrolytic determination and separa- 
tion of copper, tin, and lead, indicating 
typical applications and circuits. The 
process is used for the determination of 
lead in gasoline and engine deposits. 
The speaker also discussed polarography 
and its use in the analysis of steels and 
the determination of traces of certain 
elements in zine base die castings. Dr. 
Winters also discussed the theory and 
applications of electrometric, conducto- 
metric, and potentiometric titrations. 

Also at this meeting, By-laws were 
adopted for the Detroit Section. 

L. Bary, Secretary-Treasurer 


Midland Section 


The Midland Section met at the Dow 
Auditorium on March 31st, when the 
members heard the address on “ Lumines- 
cent Lighting’”’ — by Dr. Herman C. 
Froelich of the General Eleetrie Com- 
pany, Cleveland, Ohio. 
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As at the other section meetings where 
this talk was given, it was received with 
the keenest interest and an extensive 
discussion followed. 

The following meeting of the Midland 
Section, devoted to Ladies’ Night, will 
be reported in the July JOURNAL. 

F. W. Koerker, Secretary-Treasurer 


San Francisco Section 


A dinner meeting of the San Francisco 
Section was held on March 16th, 1949, at 
the St. Julien Restaurant, San Francisco. 

Members voted acceptance of a con 
stitution based upon the model constitu- 


JOHN CALLAHAM 


tion for loeal seetions submitted at the 
last meeting of the Local Seetion Ad- 
visory Committee. Nominations were 
also made for the offices of Chairmen, 
Vice-Chairman, and Secretary-Treasurer 
for the coming year. 


The guest speaker was Mr. John Calla- 


ham, Pacifie Coast Editor of ‘‘Chemical 
Engineering.’’ His subject was ‘‘The 
Pacifie Coast Chemical Industry with 


Emphasis on the Electrochemical Field.” 

Mr. Callaham traced the growth of the 
chemical industry in the Pacifie Coast 
states from the pre-war period to the 
present time and compared it with the 
industry on a nationwide seale. 


Using population, employment — in 
chemical plants, number of chemical 
plants, and types of produets made as 
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units for comparative purposes, it was 
very apparent that the industry on the 
West Coast is of a different makeup than 
that of the rest of the country. The 
average plant is much smaller (about 
half the size), using employment figures 
as a guide, the number of plants per 
capita is greater, and the industry is 
not as well integrated. 

The percentages of national output of 
various types of chemical products made 
in the Pacific Coast area are not pro- 
portional with the population, nor are 
they uniformly less. The production of 
some chemicals is very well re presented 
while the production of others is almost 
negligible. What is true of the chemical 
industry as a whole on the West Coast is 
also true of the electrochemical industry. 

Mr. Callaham also quoted some inter 
esting figures on power consumption and 
power generation in connection with the 
electrochemical industry. In northern 
California about 5 per cent of the total 
power generated is consumed in electro- 
chemical processes. In the Pacific 
Northwest it is about 25 per cent. The 
only area where a power shortage exists 
and will continue to exist for a few years 
is in the Pacific Northwest. Mr. Calla 
ham’s talk was very well received by all 
who attended. 

R. F. Becurowp, Secretary-Treasurer 


Pittsburgh Section 


A meeting of the Pittsburgh Section of 
The Electrochemical Society was held 
on March 30th, in the Social Room of the 
Me itute of Industrial Research. 

Dr. M. T. Simnad of the Metals Re- 
search Carnegie Institute 
of Technology, was the speaker of the 
eve ning and chose as his t ‘Recent 
Corrosion Research at Cambridge.’’ 
Prior to the meeting, a dinner at the 
Webster Hall Hotel was held in honor of 
the speaker 


Dr. Simnad, until 


recently, was en- 
gaged in corrosion research in the Cam- 
bridge Laboratories directed by Dr. 


U.R. Evans. The speaker presented an 
extremely interesting account of the 
recent activities of the Cambridge cor- 


rosion school. This group has played 
a very important role in investigating 
the fundamental mechanisms under- 


lying corrosion phenomena. The meth- 
ods used to isolate and study films on 
metals were described and the recent 
work on the electrochemistry of corro- 
sion was reviewed. Cambridge investi- 
gators have explored the shape of the 
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potential fields which surround corroding 
specimens, with interesting results. 

Dr. Evans’ recent work on the influence 
of the size of the corrosion cell upon the 
mechanism of corrosion, the interpreta- 
tion of evervoltage, and studies concern- 
ing the effect of diffusion and convection 
at electrodes were discussed. Polariza- 
tion studies, and investigations of the 
mechanism of the cathodic reaction in 
corrosion were also described. The re- 
sults of recent work on paints which give 
electrochemical protection were pre- 
sented and the role of electro endosmosis 
in corrosion of painted metals was dis- 
cussed. Investigations of fretting cor- 
rosion were mentioned and a description 
of the recent work on corrosion fatigue 
at Cambridge was especially interesting. 

A lively discussion period followed at 
the close of this stimulating lecture 

G. C. Enautsu, Secretary-Treasurer 


Future Meetings of 
Other Organizations 


American Society of Heating & Venti- 
lating Engineers, semi-annual meeting, 
Minneapolis, Minnesota, June 20-22 

American Institute of Electrieal Engi- 
neers, summer general meeting, New 
Ocean House, Swampscott, Massa- 
chusetts, June 20-24. 

New York State Association of Electrieal 
Contractors & Dealers, Ine., golden 
anniversary convention, Saranae Inn, 
New York, July 2-9. 

Illuminating Engineering 
tional technical conference, French 
Lick, Indiana, September 19-23. 

American Standards — iation, annual 


Society, na- 


Waldorf-Astoria Hotel, New 
York City, October 11-14. 
American Gas Association, annual con- 


vention, Illinois, October 
17-20. 

American Trade Association Executives, 
annual meeting, Greenbrier Hotel, 
White Sulphur Springs, West Virginia, 
October 24-26. 

37th National Safety Congress, 
Illinois, October 24-28 


Chicago, 


Chicago, 


Future Meetings of 
The Electrochemical Society 


Chicago, October 12-15, 1949 
Cleveland, April 19-22, 1950 
Buffalo, October 11-14, 1950 
St. Louis, Spring, 1951 
Detroit, Fall, 1951 
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Personals 


Davip 8S. Nantz, who has been in 
charge of production at the plant of FE. 
I. du Pont de Nemours & Company, Inc., 
Niagara Falls, New York, has accepted 
the position of General Manager of Na- 
tional Distillers’ new plant for the 
production of sodium and chlorine at 
Ashtabula, Ohio. 


Harry K. Inric, Vice President and 
Director of Laboratories of Globe Steel 
Tubes Company, Milwaukee, Wisconsin, 
received a citation for distinguished 
service in engineering from the College 
of Engineering of the University of Wis 
consin at Madison on March 15th. 


AHINDKA CHATTERJEE, formerly em- 
ployed as chemist with Snell & Prideauk, 
Lid., Birmingham, England, has joined 
the Electroplating section of the Central 
Institute, Bilaspur, India. 


W.E. Campse of the Bell Telephone 
Laboratories, Murray Hill, New Jersey, 
has been awarded the degree of Doctor of 
Science by his alma mater the University 
of Witwatersrand, Johannesburg, South 
Afriea. The degree was awarded for Dr. 
Campbell’s fundamental studies on sur- 
face reactions of metals, many of which 
have been published in this JouRNAL. 


toBERT I). PARKINSON, formerly with 
the Owens-Illinois Glass Company, To- 
ledo, Ohio, is now at the Merchandise 
Testing and Development Laboratories, 


Sears Roebuck & Company, Chicago, 
Illinois. 
James P. Fuaasst, Department of 


Chemistry, at the College of Engineering 
and Science, Carnegie Institute of Tech- 
nology, has been promoted to a full 
professorship, according to a recent an- 
nouncement. 


H. G. Orurk of RCA Victor Division, 
Radio Corporation of America, Camden, 
New Jersey, has been made Standards 
Engineer in Division Standardizing of 
that company. In this capacity, Mr. 
Orlik will be engaged in the develop- 
ment, investigation and standardization 
of electroplated finishes. 


K. L. Ramaswamy, now Deputy 
Superintendent of the Government of 
India Fertilizer Plant, Sindri, India, is 
making an extended visit to Canada and 
the United States. At present he is with 
the Welland Chemical Works, North 
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American Cy: -_ amid Company Ltd., 
Niagar: a Falls, Canada, and later will “a 
in New York City with the Chemical 
Construction Company. Mr. Rama 
swamy was, until recently, with the 
Mysore Chemicals and Fertilizers, Ltd., 
in India. 


Leppla and Reintjes 
Receive New Appointments 

Great Lakes Carbon Corporation re- 
cently announced the appointment of 
P. W. Leppla as Associate Director of 
Research and, at the same time, of 
Harold Reintjes as Associate Director of 
Development for the Research and De- 
velopment Division Laboratory at Mor- 
ton Grove, Illinois. 


Book Review 


HANDBOOK oF URANIUM MINERALS, 
Second Edition, by Jack DeMent and 
H. C. Dake. Published by Mineralo 
gist Publishing Company, Portland, 
Oregon, 1948. 96 pages, $2.00. 


This small book in pamphlet form has 
bee ‘n written, as stated in the preface, 

“primarily for the non-specialist.”” It is 
an interesting, popularized account of 
the occurrence, detection, and miner- 
alogy of the various radioactive minerals 
in the uranium family. The book con- 
tains an acceptable general summary of 
the world’s uranium and thorium de- 
posits and some useful, if elementary, 
information on tests for uranium and 
methods of using Geiger counters, elee 
troscopes, etc., for detecting the presence 
of radioactivity. There is also a fairly 
complete list of uranium and thorium- 
bearing minerals. This list, however, 
contains many species of questionable 
validity and many that are so rare and 
complex that little purpose is served in 
listing them. The section on miner- 
alogy includes all the errors recorded in 
the literature; for example, the minerals 
lambertite and uranochaleite are both 
listed, although these have been dis- 
credited for many years. 

The book will serve the useful purpose 
of providing a cursory background for 
anyone interested in this field as a hobby. 
It is perhaps wise, however, to insert a 
word of caution against overenthusiasm 
on the part of the reader who may feel 
that the Government’s $10,000 bonus is 
within reach, figuratively in his own back 


yard, by following the oversimplified 
directions of this ‘‘Guide for the Pros- 
pector and Miner.” 


H. Rusu SpeppeNn 
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From the Publishers 


Tue Cuemistry AND Puysics or OR 
GANIC Pigments by Lyde 38. Pratt 
Published by John Wiley & Sons, Inc., 
New York, 1947. 359 pages, $6.00. 
Included in this book are: theoretical 

considerations of the relation between 

color, and chemical and physical struc 
ture; the raw materials for synthetic 
organic pigments; the chemistry in- 
volved in the formation of colored prod- 
ucts; the typical chemistry of dyestuffs 
and organic pigments; systematic con- 
sideration of structur: al types; methods 
of testing known and unknown pigments; 
analytical procedures and_ identifica 

tion; and uses to which the organic pig 
ments are adapted. Special emphasis 
has been placed on a new interpretation 
of the significance of physical structure 
as related to color—a faetor of primary 
importance in the field of pigments. 


Sctentiric FOUNDATIONS OF Vacuum 
Tecunrqué by Saul Dushman. Pub 
lished by John Wiley & Sons, Ince., 
New York, 1949. 882 pages, $15.00 
Flow of gases through tubes and 

pumps, steam-jet ejectors and mercury- 

vapor pumps, and the chemical and elec 
trical clean-up of gases at low pressures 
are discussed in this book. It isa sur 
vey of the physical and chemical con- 
cepts upon which vacuum technique is 


based. Mr. Dushman has treated the 
subject comprehensively, drawing on 
physics, chemistry, and (to a lesser 


extent) metallurgy for his facts. 


Isororic CARBON by 
Charles Heidelberger, James C. Reid, 
Bert M. Tolbert, and Peter E. Yank 
wich. Published by John Wiley «& 
Sons, Ine New York, 1949. 376 
pages, $5.50 
The uses of tracers of isotopic carbon, 

which promise to become increasingly 
useful in many research laboratories, 
are described in this book. It lists all 
published tracer applications up to 
July of 1948, and ineludes all syntheses 
published up to April of 1948. The work 
is intended toserve as a complete labora 
tory manual as well as a reference book, 
and discusses many of the general prin 
ciples needed for a sound approach to 
solution of future problems. 


Melvin Calvin, 


InpusrRiAL HyGiene AND ToxicoLoGy 
by Frank A. Patty. Published by 
Interscience Publishers, Ine., New 


NT 
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York. Vol. I, 550 pages, 

II, 750 pages, $15.00. 

This book is an encyclopedic treat- 
ment of industrial hazards. Problems 
covered are: toxic substances and their 
handling; air contamination, dust and 
smoke abatement; fire and explosion 
hazards; radiation hazs irds; occupational 
allergies; fatigue in workers; and health 
control and supervision. 


$10.00; Vol. 


Tue Srrucrure oF Marrer by Francis 
Owen Rice and Edward Teller. Pub 
lished by John Wiley & Sons, Ine., 
New York, 1949. 362 pages, $5.00. 
This book summarizes the results of 

quantum mechanics in such terms as will 

enable the reader—physicist, pbysical 


chemist, or engineer—to use those re 
sults much as the chemist has used the 


concept of the chemical bond. It is 
intended to serve as an introduction to 
the study of the theory of quantum 
mechanies and will aid in interpreting, 
in physical terms, the abstract implica 
tions of the theory. 


~ 


SRYSTAL STRUCTURE by 
Wyckoff. Published by Interscience 
Publishers, Ine., New York, 1948. 
Section 1, 600 pages, $8.00. 

A new issue of the classic in its field, 
this book collects the results of all avail 
able determinations of atomic positions 


falph W. G. 


in erystals. Since the thousands of 
crystals must be reviewed and many 
more are being added each year, the 


present edition of this collection is pre- 
sented in loose-leaf form to facilitate 
keeping it up-to-date. An exhaustive 
bibliography is included. 


Aquametry by John Mitchell, Jr., and 
Donald Milton Smith. Published by 
Interscience Publishers, Ine., New 
York, 1948. 460 pages, $8.00. 
\quametry is a generic name proposed 

for all analytical procedures used in the 

measurement of water. The principal 
objective of this book is to make avail- 
able to chemists the various analytical 

uses of the Karl Fischer reagent. A 

broad review is also given of most of the 

other techniques for the determination 


both of water and of the organic fune 
tional groups discussed. The book 
includes the results of several years’ 


experience in the authors’ laboratory 
and contains a great deal of previously 
unpublished data both on determinations 
of free water and on quantitative analy- 
ses for organic functional groups. 


| 
i 


Vol. 95, No. 6 


CURRENT AFFAIRS 


Letters to 


the Editor 


Pseudomorphic Continuation? 
Dear Sir: 

The article ‘‘Surface Preparation by 
Electropolishing’ of Dr. Charles L. 
Faust that appeared in the Mareh 1949 
JOURNAL is interesting and should prove 
to be very valuable in the understanding 
of the various benefits obtained by elec 
tropolishing, which apparently — far 
transcend the production of surface 
smoothness. 

In the article, Dr. Faust shows in 
Figure 4, a photomicrograph in which 
there is apparent reproduction of the 
crystal size of the base metal stainless 
steel by the nickel plate deposited there 
upon and stated that it was ‘ta pseudo- 
morphic continuation of the true crystals 
of the stainless steel.’”’ I may be con 
fused in my definition of « pseudomorph 
but [I would imply from the statement 
that if this is a pseudomorphic continua- 
tion of structure that the nickel plate 
actually has assumed the crystal struc 
ture of the stainless steel. 

I am writing to inquire whether Dr. 
Faust or any readers of the JOURNAI 
have any proof to offer that such pseudo- 
morphic continuation does occur beyond 
the first few layers of atoms deposited. 
We all grant that such structures are 
continuation of the actual crystal size of 
er base metal but one would naturally 
believe that the eleetrodeposit would 
assume its normal erystal structure. 
For example, if continuation of the 
crystal size is observed when a cubic type 
metal is deposited on a tetragonal base 
metal strueture, has anyone ever ob 
served a true pseudomorphic tetragonal 
structure in the cubie metal being elec- 
trodeposited? I believe the problem 
could be cng very simply by x-rays 
rather than by electron diffraction and 
perhaps such tests have already been 
made. 

R. 
New Haven, Connecticut 


Dear Sir: 

Dr. Meyer has raised an interesting 
question in his letter to the Editor. 
Figure 4, to which he refers, involves 18% 
Cr-8% Ni stainless steel (austenitic). 
Its lattice parameter is very close to that 
of nickel, so it would not be difficult for 
nickel plate to pseudomorphieally con- 


tinue the crystals of the stainless steel. 
The term “pseudomorphic continua 
tion,’”’ as used in the paper, was intended 
to have the meaning which Dr. Meyer 
has recognized in the second paragraph of 
his letter. I am sorry to reply that I 
have seen no results of x-ray analysis of 
electrodeposited metals to determine 
whether the erystals are truly pseudo 
morphic continuations of those in the 
basis metal surface. Of course, the 
lattice parameters of the two metals will 
have to be nearly the same (probably 
within 10 to 15°,) in order that such 
crystal continuation can take place. 

In situations where true pseudo 
morphie continuation of the basis metal 
erystals might be found, it is also prob 
able that after some initial period of 
electrodeposition, the plate will assume 
whatever crystal structure is normal for 
the conditions of electrodeposition. 
We are planning to secure x-ray data 
bearing directly on Dr. Meyer’s question 
and will publish the results when they 
are available. 

Cuar.es L. Faust 
Columbus, Ohio 


‘Survival Through Chemistry’ 
Dear Sir: 

Your editorial ‘Survival Through 
Chemistry” in the Mareh 1949 issue of 
the JouRNAL has prompted me to voice 
my opinion in writing for the first time. 

I would like you to quote your definite 
references from which you obtained your 
statement that our natural resources are 
declining steadily. I have not as vet 
read any such startling statements and 
surely it isa frightening enough thought 
to warrant nationwide publicity through 
our public mediums of radio, newspapers, 
ete. Perhaps in our atomic age we worry 
too much about too many things. A 
century or so ago our grandparents had 
not the fears of the decreasing natural 
resources, cancer, the Rh factor, and 
many other such matters, and perhaps 
they were happier than we are today 

I object most strongly to your state- 
ment that rigid control of population 
growth is the solution to this problem; it 
opens up too many questionable aspects. 
If the human race is well-enough con- 
trolled in a few hundred years, or less, 
there won’t be any humans left to use the 
natural resources; or maybe another 


127C 
4 
; 
= 
(> 
d 
w 
i 
he 
aul | 
il- 
A 
he 
on 
ac 
ok 
rs’ 
ory 
sly 
ons 
ily- 


12S¢ 


problem would be created because of the 
over-nbundance of natural 
l would like tosee the effect on the people 


resources! 


of the United States if they were sud 
denly issued an ultimatum that they 
could only have two children or three 


children, and no more. What would be 
their punishment if they failed to obey 
this mandate? 

I think you yourself have unknowingly 
given the answer to your question in your 
article; i.e. ‘‘greater intelligence in the 
management ot our natural resources 
and a better public understanding of the 
dangerous consequences of the misuse of 
lands, forests, and minerals.”’ I 
feel that the old platitude ‘‘necessity is 
the mother of invention’”’ is applicable in 
this case. If situations did not some 
times arise where some to be 


also 


done, civilization would be at a stand 
still. Scientists everyday are 
ing new, beneficial materials; I use ra 
dium and penicillin as two examples. 


At this rate, within a certain period of 
time, we can reasonably expect a solution 
to the problem of decreasing natural re 
I don’t think that there is any 
deadline to be met—lI have never seen 
quoted the specific number of years that 
our natural resources will hold out. 
Parricia E, CARDWELL 
Chieago, Illinois 


sources 


Dear Sir: 
The United States of 
essentially a Christian 
Constitution is 


America is 
country. Its 


based upon Christian 
Principles. The ‘four freedoms’ of 
which we are so proud are basically 
Christian ideals. Can, then, one of 


these freedoms be used as an argument 
against a Christian Principle? 

Is it for you or me to say that our 
natural resources are exhaustible? The 
world has existed for thousands of years 
and its resources have not become ex- 
hausted as yet. 

Is the 


conservation of our natural 
resources more important than the 
propagation of the human race? Are 


natural resources more important to God 
than human lives? I think not. 

The fact that in the past man’s in 
genuity has served its purpose in the 
conservation program is proof that man 
is superior in being to all other natural 
creatures. All these others were made 
to serve man. Now, to preserve and to 
conserve our nat ural resources must man 
be sacrificed? Must man serve them? 

Mary JANE DOUGHERTY 
Chicago, Illinois 
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New Members 


At the meeting of the 
mittee held on April 8, 
of The Eleetrochemiec: al Socie ty, Inc., 235 
West 102nd Street, New York City, the 
following were elected to membership: 
Sreruen J. ADAMS, mailing add: Wol- 

verine Tube Division, 1411 Central 

Avenue, Detroit 9, Michigan (Electro 

de position, Theoretical Electrochem- 

istry, and Corrosion) 

ALIESCH, mailing 
clanche 8. A., 48 Avenue de (¢ 
Yve ee Switzerland (Battery) 

Maurice F. H. ANGLEys, Societe d’Elec- 
trochemie, d’Electrometallurgie & des 
Acieries Electriques d’Ugine, mailing 
add: Premont-Orelle, Savoie, france 
(Industrial Electrolytic) 

JAKKARAJU BALACHANDRA, mailing add: 
Department of Metallurgy, Indian 
Institute of Science, Bangalore 3, 
India (Kleetrodeposition and Electro- 
thermics 

Henri BurGuBURU, Societe d’Electro- 
chemie, d’Electrometallurgie & des 
Acieries Electriques d’Ugine, mailing 
add: 10 rue du Plat, Lyon (Rhone), 
France (Industrial Electrolytic) 

Herpert K. De Lona, mailing add: 
Magnesium Laboratories, Dow Chemi- 
cal Company, Midland, Michigan 
(Electrodeposition) 

Herspert P. ier, Columbia Uni- 
versity student, mailing add: Box 91, 
Wantagh Avenue, Wantagh, L. I., New 
York (Corrosion, Eleectrodeposition, 
and Theoretical Electrochemistry ) 

N. Fasken, mailing add: c/o 
Shawinigan Water and Power Com- 
pany, P. O. Box 40, Shawinigan Falls, 
Que., Canada (Battery, Electrother- 
mic, and Industrial Electrolytic) 

FRANCOIS GALL, Societe d’Electro- 
chemie, d’Electrometallurgie & des 
Acieries Electr ique s d’Ugine, mailing 
add: 20 rue de Bethune, Le Chesnay 
(Seine & Oise), France (Industrial 
Electrolytic 


Executive Com 
1948, at the office 


add: Le- 


irandson, 


ANDRE GANGUIN, Societe d’Electro- 
chemie, d’Electrometallurgie & des 
Acieries Electriques d’Ugine, mailing 


add: Le Day., 
(Industrial Electrolytic) 

Harry Hanson, Chrysler Corporation, 
mailing add: 15359 Sorrento, Detroit 
27, Michigan (Electrodeposition) 

Roperr S. JANE, mailing add: c/o 
Shawinigan Chemicals Ltd., 600 Dor- 
chester Street W., Montreal, Canada 

and Industrial 


(Vaud), Suisse, France 


(Electrothermic 
Electrolytic) 
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C. LAVALLEE, mailing add: 
National Carbon Company, Inc., St. 
Vermont (Electrodeposition) 
RoGEers mailing add: 
a Monsanto Chemical Company, 
1700 S. Second Street, St. Louis, 
Missouri 

ApRIANO MonrTanari, Metalurgica 
Fracalanza, mailing add: Rue Maria 
Marcolina 103, Cidade de Sao Paulo, 
Estado de Sao Paulo, Brazil, South 
America (Electrodeposition, Electro- 
Organic, Industrial Electrolytic, and 
Theoretical Electrochemistry) 

Merer Sapowsky, mailing add: Philco 
Corporation, Lansdale Tube Plant, 
Pennsylvania (Electrodep- 
osition, Electronics, Corrosion, and 
Theoretical Electrochemistry) 

Massoup SiMNAD, mailing add: Metals 
Research Laboratory, Carnegie In- 
stitute of Technology, Pittsburgh, 
Pennsylvania (Corrosion, Industrial 
Electrolytic, and Theoretical Electro- 
chemistry) 

A. Paut THompson, mailing add: The 
Eagle-Picher Company, Joplin, Mis- 
souri (Theoretical Electrochemistry, 
Batteries, Corrosion, Electrodeposi- 
tion, Eleectrothermies, and Electronics) 


Reinstatement 


Jostan WorkK, mailing add: 1109 So. 
Bronson Avenue, ‘Los Angeles 6, 
California (Corrosion and Electro- 
thermic) 


Employment Situations 


Please address replies to box shown, 
c/o The Electrochemical Society, Inc., 
235 W. 102nd St., New York 25, N. Y 


Positions Available 


Merau.uraist, for research on various 
phases of the elec trolytic reduction of 
aluminum. Prefer advanced degree in 
physical chemistry or electrochemistry 
and/or five years’ industrial experience. 
Location Washington. Reply to Box 
A-211. 

KLECTROCHEMIST: A progressive or- 
ganization requires either an electro- 
chemist or a chemical engineer who has 
experience with graphite anodes in the 
caustic chlorine field. Must be capable 
of performing development and _ sales 
service. Reply to Box A-212. 

E.ecrrocuemist, B.S. or M.S., two 
years’ industrial experience or more, 
age up to 30, for research and develop- 
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ment work on_ storage batteries. 
Please submit résumé with salary de- 
sired. Reply to Box A-213. 


Positions Wanted 


Recent, Pxo.D. in Chemical Engi- 
neering, Johns Hopkins University, 
desires position specializing in researe “h 
or development work. Two years’ 
chemical engineering experience with 
Chemical Warfare Service prior to re- 
ceiving doctorate degree. Reply to Box 
330. 

research and develop- 
ment experience in application of electro- 
lytic leaching and furnace methods to 
production and refining of non-ferrous 
metals including copper, lead, zine, tin, 
cadmium. College degree. Reply to Box 


PowpER MeTALLURGIST, production, 
development and research. Nine years’ 
experience platinum and pree ious metal 
powder alloys. Fifteen years’ produc- 
tion and qu: lity control in tungsten and 
molybdenum refractory metal products. 
Graduate course in powder metallurgy. 
B.S. Se. in chemical engineering, Uni- 
versity of Toronto, 1923. Reply to 
Box 332. 


Recent Patents 


Selected for electrochemists by Fred. 
W. Dodson, Chairman of the Patent 
Committee, from the Official Gazette 


January 25, 1949 


Briggs, T. H., Jr., 2,459,789, Electrode 
Construction for Neon Signs. 
Stateman, M. J., 2,459,848, Rectifier 
Element. 
Stateman, M. J., 
Circuit. 
Krok, W. P., 
fier. 
Richards, L. M., 2,460,105, Photopoly- 
merization of V inylidene’ Compounds 
With Organic Disulfides. 
Slade, H. B., 2,460,107, Apparatus for 
Testing Insulated Wire and Cable. 
Du Rose, A. H., and Little, J. D., 
2,460,252, Lead-Tin Alloy Plating. 


2,459,849, Testing 


2,459,886, Selenium Recti- 


February 1, 1949 
Lohr, J. M., 2,460,590, Electric Resist- 
ance Element and Method of Heat- 
Treatment. 
McBee, E. T., and Pierce, O. R., 
2,460,705, Chlorinolysis. 


continued on page 136c 
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Feature Section 


The Profession of Electrochemistry 


V. Opportunities in the Primary Battery Field 


George W. Heise 


The primary battery, first described 
by Volta almost 150 years ago, is the 
oldest, and commercially one of the most 
important of our electrochemical prod 
ucts Few technical fields present 
greater opportunities to the electro 
chemist, are more diversified, or offer 
greater challenge to his research ability, 
manipulative skill, and inventiveness. 

The industry itself is larger than is 
generally recognized. For a long time 
the battery was the only available source 
of direct current, and even after the 
introduction of dynamo-electrie ma- 
chinery, a continuous stream of new 
applications such as telegraph, tele- 
phone, door-bell and annuneiator, flash 
light, ignition and, more recently, radio 
and various forms of electronic devices 
served to maintain an ever-increasing 
demand for batteries, particularly of the 
portable types. In the U. 8S. A. the 
manufacture of Leclanché type dry cells 
alone, about two million units per year at 
the turn of the century, rose to a peak 
rate of over three billion during 1945, the 
last year of World War II, and is prob- 
ably not far from two billion at the pres- 
ent time. Several million wet cells, 
mostly of the copper oxide or air-depo- 
larized types, ranging in size up to 1,000 
ampere hours, are produced annually, 
largely for railway signaling and similar 
services. In recent years several new 
types of batteries have been marketed 
which promise to achieve real com- 
mercial significance. 

Concurrent with the expansion of the 
industry, battery technology has shown 
a gradual transition from an art to a 
science. Important improvements have 
been realized, in construction, manu- 
facturing methods, and above all in 
quality, and the usefulness of batteries 
has been extended over a wider range of 
operating conditions. A standard ‘D”’ 
size flashlight cell can now be made of as 
great an energy output as the 6-inch unit 
of 35440 vears ago. Much has been 
learned of the basie reactions operative 
during battery discharge and _ their 
interdependence; better understanding 
of the factors involved in cell deteriora- 


tion has greatly improved shelf life; new 
anode, cathode, and electrolyte materials 
are coming into use. Yet the work done 
has served to widen our horizons and to 
indicate how much more remains to be 
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accomplished rather than to narrow the 
field of productive investigation. 

The marked upsurge in interest in 
batteries, particularly noticeable during 
the past ten years, has meant a great 
increase in technical work, not only by 
the laboratories directly serving the 
industry itself, but also by colleges and 
government agencies, thereby creating 
more opportunities for the electrochemi- 
eal aspirant in this field. 

Finally, it should be emphasized that 
the interests of the technologist extend 
far beyond the commercial batteries of 
today. A successful fuel cell, as made 
possible by the use of gas electrodes, for 
example, should permit the liberation of 
electrical energy at several times the 
efficiency attainable by ordinary com- 
bustion methods. The introduction of 
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suitable anodic or cathodic depolarizers 
is capable of increasing the efficiency and 
reducing the power requirement of many 
electrolytic reactions, organic as well as 
inorganic. The indications are that for 
a long time to come, the electrochemist, 
especially if equipped with the newer 
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techniques, will find battery work a 
fertile field for his activities, and one 
offering rich intellectual rewards, 
whether he selects the ‘“‘pure science that 
sets the stage for technology”’ or devotes 
his efforts to applied research and 
development. 


Technical Notes and Reviews 


The Use of Fluorescent Dyes as Tracers in Biology 
and Medicine* 


Kurt Langet 


While the use of radioactive tracers in 
biology and medicine has received con- 
siderable attention during the last few 
years, the somewhat older method of 
using fluorescent tracers in the same 
fields has been pushed slightly into the 
background. Although both methods 
have their distinct fields of application, 
advantages and disadvantages, one can 
occasionally notice that radioactive 
tracers are being used where fluorescent 
substances would give more clear-cut 
results and would be much simpler to use. 
It is the purpose of this paper to attract 
the attention of physicists and electro- 
chemists to the possibilities and to 
create a collaboration with the physi- 
cians working in the field. 


Fluorescein in Ophthalmology 


As early as 1882 Paul Ehrlich (1) 
introduced the use of fluorescein (re- 
sorcinol phthalein) for the study of the 
origin and flow of the fluid in the anterior 
chamber of the eye. By injecting 
fluorescein intravenously in rabbits, he 
studied its appearance in the eye and its 
way through the eye under incandescent 
light. This was followed by a great 
number of papers in the ophthalmologic 
literature dealing with this highly im- 
portant problem, using the method of de- 
tecting the flow of the liquids in the eye 
by “tagging” the serum with fluorescein. 


* This paper was presented at the Symposium on 
Luminescence, held at the Philadelphia Meeting, 
May 6, 1949 

* From the Department of Medicine, New York 
Medical College, Flower and Fifth Avenue Hospitals 
and the New York Medical College Research Unit 

Metropolitan H ospital). 


In these studies, it soon became apparent 
that we are not really ‘“‘tagging’”’ the 
watery phase of the blood by these 
methods, but that fluorescein migrates 
with the blood and leaves the vascular 
tree through the semipermeable capillary 
walls according to its own laws (gra- 
dients, permeability of the wall, partial 
pressure) and quite independently of and 
occasionally in the opposite direction to 
the flow of water in and out of the 
vessels. 

Approximately at the same _ time, 
fluorescein was used for the first time to 
detect small lesions in the cornea, the 
surface membrane of the eyeball. The 
intact cornea when wet with a fluorescein 
solution will not retain any of the dye 
which is eliminated rapidly with the te: ir 
fluid. If the surface membrane is 
broken, however, the tissue at the de- 
nuded area is stained by the dye and, 
under long wave ultraviolet light, the 
small lesions which are otherwise hard to 
detect can be seen clearly. 

While these studies found great inter- 
est in ophthalmologic circles, other fields 
of medicine and biology did not make any 
use of these techniques until 1929 when 
Hirt and Ellinger (2) started the use of 
different fluorescent dyes to study the 
excretory apparatus of frogs’ kidneys by 
direct microscopic observation under 
long-wave ultravio.et light. They were 
able, by using alkaline and acid fluo- 
rescent dyes, to study the behavior of 
different parts of the kidney and the 
liver. 

Stimulated by these studies, we 
succeeded in 1931 for the first time in 
making the dye fluorescein visible in the 
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human capillaries of the lips and con- 
junctiva after an intravenous injection. 
We initially used a carbon are lamp with 
filters which had a narrow band of trans- 
mission having a peak near 3800 Ang- 
strom units. After the appearance of 
the mercury vapor reflector bulbs with 
high spot intensity (General Electric 
CH4) and the fitting Rondell filters of 
Corning glass 587, the carbon are was 
abandoned. It must be mentioned here 
that the construction of a less expensive 
and lighter unit with approximately the 
same emission characteristics would be 
highly desirable and that there would be 
interest in such a lamp in 
medical circles for many diagnostic pro- 
cedures. 


Measuring Blood Circulation Time 


With this method of direct visualiza- 
tion of fluorescein in the blood stream of 
the lips, we were able to devise an 
objective method of determining the speed 
of blood flow from the point of injection 
to the point of detection. Before that, 
only subjective methods had been used 
for this diagnostically highly important 
purpose. By injecting substances which 
produced a sweet or bitter taste upon 
their arrival at the taste buds of the 
tongue, one was able to determine the 
cireulation time. These methods have 
the drawbacks that they ean not be used 
in children or unconscious persons, that 
the threshold of the sensation of taste for 
these substances shows considerable in- 
dividual variations, and that certain 
commonly used drugs alter this threshold 
considerably 

With the use of the fluorescein method, 
which is extremely simple, the early de- 
tection of heart failure, of certain dis- 
turbances of the function of the thyroid 
gland, of beginning shock (4), and of 
certain types of congenital heart 
anomalies is possible (5 In addition, 
the results of therapy in these diseases 
ean be more readily gauged by this 
method. The examination consists in 
directing the light of the long 
wave ultraviolet lights onto the patient ’s 
lips in a slightly or completely darkened 
room and observing the time which 
elapses between the injection of the 5 per 
cent fluorescein solution into a vein on 
the arm and the sudden striking ap- 
pearance of a green color of the lips. 
Using this method it was found that the 
circulation time is very constant in 
normal individuals. Studies in infants 
and children have shown that the 
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circulation time in children is consid- 
erably faster and decreases with ad- 
vancing age to come to the rather 
constant value of 13-17 seconds in the 
adult. 

Since it could be demonstrated that 
fluorescein has an extermely low toxicity, 
we were able to increase the amount in- 
jected to such an extent that it becomes 
visible in the intact skin. After the 
circulation time has elapsed, the skin and 
all mucous membranes assume a green 
color clearly distinguishable from the 
purple color before the injection under 
the ultraviolet light. This color results 
from the dye which diffuses out of the 
vascular tree into the interstitial space 
and cannot be decreased by pressing a 
glass spatula on the area of observation, 
a procedure which leads to an emptying 
of the capillaries themselves. Since this 
diffusion continues until no gradient 
exists between the content of free 
fluorescein in the serum and that of the 
interstitial fluids, an increasing staining 
ean be observed for about 20 minutes 
until equilibrium is reached. 

Fluorescein is present in the blood 
stream only to a small percentage as the 
free dye while the rest (70-80%) is 
bound to the proteins of the blood. In 
the ranges of physiologic variations of 
the blood proteins, this tie-up is prac 

tically constant for the different protein 
concentrations which occur (Fig. 1). 
Since only the free fluorescein diffuses 
out into the tissue and since the fluo- 
rescein tied to the proteins does not 
emit any fluorescence, this tie-up is of 
great importance. It can be completely 
broken, however, by alkalinization of 
blood or body fluid samples to a pli 
of 10. 


The Dermofluorometer 


In order to measure objectively the 
degree of fluorescence obtained over 
different parts of the body an instrument 
was devised (8) which represents a 
colorimeter directly applied to the skin 


The Dermofluorometer (Fi ig. 2) consists 
of an overvoltaged ine light 
source which shines from a_ constant 


distance through a blue filter of Corning 


glass * 5115 on the skin to be examined. 
Rigidly alignect to it is a phototube 
which, by a yeilow filter #3486, picks up 
only the green light resulting from the 


fluorescence after the injection and 
registers through an amplifier the in 
The instru- 
before each test 


tensity of the fluorescence. 
ment is 


calibrated 
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against a standard fluorescein solution 
and thus permits objective comparisons 
between the reaction of different indi- 
viduals and the same individual under 
different conditions. 

Several factors, of which capillary 
permeability is one of the most essential, 
influence the speed of diffusion of the 
dye; thus, an area in which the capillary 
permeability is increased, e.g., inflam- 
mation, will show a much more rapid and 
intense staining than the surrounding 
tissue. On the other hand, tissue with a 
decreased blood supply, e.g., old sears, 
will show hardly any fluorescence. 

The mucous membranes of the in- 
testinal tract stain very intensely due 
to their high vascularity and great 
transparency. 

Based on these observations numerous 
uses have been suggested for this method. 
In diseases of the blood vessels of the 
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limbs associated with narrowing or 
occlusion of such vessels, the area of de- 
creased blood supply can be clearly out- 
lined by the diminished fluorescence pre: 
vailing therein (9). Sudden occlusion 
of blood vessels by blood clots can be 
immediately diagnosed as to complete- 
ness, extent, and possibility of other 
neighboring vessels taking over for the 
occluded one. Arteriosclerotie and dia- 
betie gangrene can be predicted at 
relatively early stages of the disease 
when the method is used in combination 
with other diagnostic procedures. 
Uleers of the leg due to varicose veins 
or inflammation of veins can be judged 
as to their healing tendency by the 
amount of fluorescence that can be de- 
tected in them after a_ fluorescein 
injection. 

In the process of skin grafting the 
method has proved quite helpful (10). 
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Fig. 1 


Amount of free fluorescein obtained by ultrafiltration through collodion 


membranes from human plasma with different protein content. 
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Fic. 2. The Dermofluorometer. 


drawing of the search unit. 
in front of phototube. 


Skin grafting on a non-healing site will 
be successful only if the bed is fully 
supplied with blood so as to be able to 
nourish the transplanted skin. A fluo- 
rescein test can clear these facts in ad- 
vance and thus help to avoid pitfalls. 
In more complicated methods of skin 
grafting, the use of the fluorescein 
method to establish the presence of 
sufficient circulation has been able to 
shorten the length of the hospital stay 
considerably. Since the tests can be 
earried out without danger at short 
intervals, repeated tests show the earliest 
possible moment when the reestablish- 
ment of the circulation permits the next 
step in the operative procedure. 


Surgical Uses 


In treating cases of strangulated hernia, 
the surgeon is often confronted with the 
question whether the loop of gut which 
was for hours in a strangulation is still 
viable, a grave decision since chances of 
recovery are much worse when a part of 
the gut must be resected due to non 
viability By injecting fluorescein in an 
arm vein and shining the long-wave 
ultraviolet light on the loop of gut in 
question, the surgeon can immediately 
decide whether to resect or not, depend- 
ing on the absence or presence of fluo- 
rescence in the part (11, 12). Many in- 
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The search unit comprising the light source 
and the ‘anaes is attached to the leg of a patient. 


Lower right—Schematie 


F1 blue filter in front of light source, F2 yellow filter 


stitutions have made this procedure 
routine in all questionable cases. Other 
surgical procedures on the intestine can 
be made safer by ascertaining with a 
fluorescein test that a part of gut to be 
resected does not contain the blood 
vessels supplying blood to the parts not 
to be resected. 

Most recently the method has been 
used to visualize the gall bladder and 
especially the bile ducts during opera- 
tions by their brilliant fluorescence after 
a fluorescein injection (13). In eases of 
old adhesions and inflammations of this 
area, there is great danger of accidentally 
incising the vital bile ducts when they 
are not clearly visible in the matted 
inflamed tissue. 

Since areas of increased permeability 
of the skin show up under the test by in- 
creased fluorescence and since certain 
forms of allergy are associated with in- 
creased capillary permeability (wheals, 
hives), interesting and valuable studies 
were performed to evaluate the effective- 
ness of certain antiallergie drugs in 
reducing capillary permeability (14). 

Since inflammations cause increased 
permeability of the blood vessel walls 
throughout the body, inflammations of 


the meningi, the fine membranes covering 
the brain and the spinal cord, are accom- 
panied by an increased permeability of 
injec tion of 


their blood vessels. An 
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fluorescein into the blood stream yields, 
after a certain period of time, an in- 
creased amount of fluorescein in the 
spinal fluid. A simple fluorophotometer 
permits a quick and accurate estimation 
of the fluorescein content. This enables 
one to make or exclude at an early stage 
the diagnosis of certain forms of menin- 
gitis and to follow closely the success of 
therapeutic endeavors (15). 


Applications in Dermatology 


A wide variety of interesting possi- 
bilities has been opened by applying the 
fluorescent tracer method to skin dis- 
eases. Numerous highly interesting 
observations have been reported about 
specific pictures of fluorescence in other- 
wise similar-appearing forms of skin 
diseases. The diagnostic and thera- 
peutic possibilities are thus greatly 
increased (16). 

By using the fluorescein method in 
experimental and human frostbite it was 
possible to show that this lesion is 
associated with a tremendously increased 
capillary permeability and that this is 
the cause for the loss of the “swimming 
fluid’’ of the blood corpuscles which then 
silt up the capillaries forming a red cell 
sludge which finally leads to the dreaded 
gangrene. After this realization, certain 
therapeutic measures were suggested 
which have now reduced the incidence 
of gangrene by approximately 80 per 
cent (17) 


Possible Application in Cancer 
Studies 


Most recently, the suggestion has been 
made that cancerous tissue retains 
fluorescein longer after an intravenous 
injection than normal tissue. Thus, a 
diagnostic procedure would be availa- 
ble to distinguish, by relatively simple 
means, between normal and malignant 
tissue. Since fluorescein is not visi- 
ble beyond the penetration power of 
the ultraviolet light, these investigators 
tagge ~d the fluorescein ‘by adding a radio- 
active iodine molecule to it and localizing 
its storage with a Geiger-Muller counter. 
They report that they were thus able to 
localize brain tumors by the retention 
of the radioactive fluorescein. These 
studies are so important that further 
confirmation and differentiation from 
closely related but benign lesions need to 
be awaited before they can be generally 
accepted (18). 

Beside fluorescein, riboflavin has been 
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used as a fluorescent tracer (19). Since 
both substances are quite innocuous, 
both may be used, but fluorescein has a 
much higher fluorescence per milligram 
and can be detected in much lower con- 
centrations (0.5 X 107° %). 

The presence of fluorescein in body 
fluids and its optical effects are subject to 
laws which require much further study. 
A shift of pH is known to shift the wave- 
length of the emitted light of fluorescein. 
One would thus be able to estimate 
directly the pH in tissues if an instru- 
ment were available to determine rapidly 
the peak wavelength of the fluorescence 
in different tissues. We were interested 
in the fact that the blood proteins (albu- 
mins and globulins) produce an intense 
quenching effect on aqueous fluores- 
cein solutions. This effect is very pro- 
nounced and may be used to determine 
very small amounts of proteins in body 
fluids and possibly in other organic solu- 
tions. Unfortunately the relation of the 
quenching effect and the amount of 
protein present is not linear and becomes 
quite erratic at very low concentrations. 
Asystematic collaboration between elec- 
trochemists and physicians may solve 
this problem of great importance in many 
biological questions which cannot be 
solved by any other method so far. 


Need for New UV Light Sources 


The creation of a long-wave ultra- 
violet light source, small and _ cool 
enough to be attached to endoscopic 
instruments, would enable the diag- 
nostician to observe the different degrees 
and distribution of staining in body 
cavities and possibly lead to entirely new 
diagnostic applications in this field. 

Numerous other possibilities are under 
investigation in many institutions in 
this country and abroad. 

If the same collaboration between 
electrochemists and physicists on the one 
hand and physicians on the other could 
be established in the field of fluorescence 
as in the field of radioactivity, it is the 
author’s opinion that tremendous ad- 
vances in many fields of medicine could 
be made. 
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